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Memoir; Dr. A. L. Hagedoorn 


A. L. Hagedoom obtained his early training 
in genetics in Holland, the land of his birth. He then went to 
California, where he obtained his Doctor’s degree and con- 
tinued his work on animal breeding. Afterwards he came back 
to Europe and joined the noted firm of Vilmorin, the leading 
seedsmen in France. 

He was intensely interested in the application of the science 
of genetics to animal breeding and in this quest he travelled 
widely to study the many applications to animals and plants in 
different parts of the world. 

In 1914 he went out to the Dutch East Indies and he came 
into contact there with many practical problems which the 
science of genetics could solve. 

After returning to California, where he tvrote a valuable book 
on The Relative Value of the Processes causing Evolution, and a short 
period in Germany he came back to Holland and set up as a 
consulting geneticist both for plant and animal breeders. He 
became Head of the Department of Genetics at the Institute of 
Preventive Medicine and lectured at the University of Leyden, 
became Secretary of the Dutch Genetics Society, and ran his 
own smallholding just outside Utrecht; this he used for experi- 
ments in breeding dogs, poultry and mice. He produced some 
very good sex-linked breeds of poultry and advised many 
breeders of ducks and poultry in Holland to their great 
advantage. 

He was an outspoken man and had no hesitation in criticizing 
established practices of Breed Societies, criticizing them as being 
“fanciers" ratlier than breeding for commercial qualities, 
although at tlie same time he assisted fanciers with tlicir 
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problems, for he was very interested in Aese from 

point of evolution. He had a keen sense of hnmonr. could take 

crindsm well and enjoyed an axgumentv 

He paid many visits to this country and did all he could to 
persuade cattle breeders to adopt the progeny test as the 
soundest method of breeding for milk production. 

In bis poultry experiments be developed the nucleus system 
of breeding as the most practical means of spreading good 
genetic material throughout the breed. As this was rather 
siirular to the methods of breeding practised by large hlcrino 
flock owners in Australia he went out there and discussed this 
and other matters trith them. His work in Australia was greatly 
appreciated by the staUon ownen, many of whom kept in 
constant correspondence with him. 

From Australia he went on to South Africa in 1949 and then 
to Southern Rhodesia, where the problem of breeding animals 
and plants suited to the climaric conditions appealed to him. 
There he fiiusbed his book on Plant Bueding. From Southern 
Rhodesia he went several times to the Urnon of South Africa to 
give advice. In this period he contracted an illness which 
brought him back to Holland. When back there he prepared 
dusnew revised edition of his book on AnirTial BTieding which has 
been an inspiration to many. In addition, he also wrote in, 
collaboration with Geoffrey Sykes a book on Poultiy Breeding, 
and continued to advise breeders in many parts of the world. 
His mtidsms of pracdcal breeding mcdiods and suggestions 
for theu- improvement led to much controversy out of which 
n improvement of Uvestock, 

By hu deathOT MthNovtinlxr. 1933, nt the age of 68 one of 
le most colour"" c— . ? . . 

has been lost. 


the meet tolonrfhl and ynigresewe fignics in animal bleeding 


CAMSRIDOn, 1953 


JOHN HAMMOND 



Introduction to the First Edition 


Ih^ an, to be able to exist at all, is dependent upon 
his domestic animals and cultivated plants. Everything we eat, 
and everything we wear, with very few exceptions, is the pro- 
duct of cultivated organisms. Between man and his domestic 
animals and plants exists a relationship that can only be called 
true symbiosis, for the domestic animals have been so changed 
from the wild species from which they have descended that 
they could not exist without man’s aid, and the same is true of 
almost all our cultivated plants. 

The breeding of animals is under human control, and the 
breeders decide which individuals shall produce the next gener- 
ation. In almost every instance the breeder makes a choice, 
even if he does not know what causes the differences he observes 
between his animals. At present we know that there are two 
fundamentally different sets of causes for variability. Variability 
may be partly due to differences in the sets of inherited develop- 
mental factors, and part of all variability must always be due to 
differences in environmental influences. As only differences in 
inherited make-up are inheritable, it is evident that a know- 
ledge of the science of heredity should make it considerably 
easier to choose intelligently between the many animals from 
which only a few need be saved for breeding. The fact that the 
domestication of animals is a very old art, whereas the science 
of genetics is very new, shows that even svithout any knowledge 
of heredity man is able to domesticate animals and improve 
them. Such progress, however, is very slow and uncertain, and 
it has been shown that rational and genetically weU-founded 
methods of selection make it possible to proceed with a certainty 
and a speed that were formerly unthought of. 

Vi! 
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the rwolution in plant-breeding methods ^at started m th 

tuning of this emtary. As a result of the dost ° 

th^laut-breeding firms and institutes 

breeding was placed upon a diflerent foundation, and a scire 
don based upon breeding value (genotype) was subsoluted for 
the former system of selecting according to personal merit ot 

m«hvidualplants (phenotype) or according to qualities thought 

to be correlated to the one sought. 

For diifeient reasons plant breeders have been much more 
ready than ammal breeders to profit by the teachings of our 
new sdtnce, Genedcs. In a teladvdy short time ^e improve- 
ment of plant-breeding techmque has been so rapid that round 
about Ipso the old methods ’were almost forgotten and plant 
bree^ng v?as definitely changed over. An enormous lot of work 
still remains to be done, but the piindples arc very well under- 
stood and the planning of new work is only a malttr of 
details. 

Animal breeding, however, has lagged behind plant breeding 
in a way that has become more and more apparent to many of 
my colleagues. To me it became apparent long ago that some of 
us should devote some of our energy to doing for animal breed- 
ing what wc have been doing for plant breeding for such a long 
time. About igio 1 started to investigate animal-breeding 
methods, and gradually 1 have been drawn into this subject 
more and more, so that in the last fifteen years almost all my 
toe has been spent in co-operating with animal breeders to 
hdp them solve their prohlcms. 

It ^ ^n apparent to me, tom the start, that the problems 
of animal hreeimg arc fundamentally the same as those of the 

sreat, and that so very few of my 
Svfela animal-breeding probleij, 

t.pretsome,ear,ormyt^^^'«.t?Sri~“^^^^ 
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Introduction to the First Edition 

in Germany, in the Dutch Indies — have always made it a 
point to study animal-breeding methods and the attempts of my 
colleagues to introduce similar rational methods such as we 
have been able to introduce in plant breeding. I have learned 
quite a lot about animal breeding and especially about the 
stumbling-blocks that strew the path of the progressive breeder. 

In animal breeding there is just now starting the same revo- 
lution in methods that was in full activity about 1910 in plant 
breeding. We are fighting conservatism and ignorance, especi- 
ally among the men who have been looked up to as authorities 
in these matters. We have to help the breeders to discard some 
of the same wasteful and stupid methods that the old school of 
plant breeding used. 

One of the greatest difficulties in the career of a geneticist 
who wants to co-operate with animal breeders is to learn to 
hew to the line, let the chips fall where they may. No useful 
purpose is served in trying to “save the faces” of well-known 
authorities, when the methods they advise are fundamentally 
and patently wrong and wasteful. It is much better to have the 
respect of the honest breeders, striving to improve the quality of 
their livestock for the benefit of agriculture, even if this means 
going over the heads of the authorities to reach the farmers. 

In meditating upon the necessity of writing a book on animal 
breeding I have hesitated between a book destined to teach a 
sufficiency of genetics to animal-breeding authorities, Govern- 
ment men, teachers and herd-book officials, or a book destined 
for the breeders themselves. Most recent books on animal breed- 
ing have been of the former kind. This is true of Crew’s book, 
and also of the excellent book of J. Lush, Animal Breeding Plans. 

For several reasons I have chosen to write the second kind of 
book. I am not so optimistic as to believe in the possibility of 
convincing the conservative, older authorities on animal breed- 
ing of the error of their ways, where I think they are funda- 
mentally wrong. In this I am in full agreement with Boutflour, 
who has repeatedly argued that some of these men are unteach- 
ablc, because they take the attitude that the old ways will last 
their time. If we can reach the younger generation and stop 
them from taking the old svisdom for granted, if we can make 
them tliink for themselves, we will certainly get results. 

After all, the authorities only hold the opinion they have dis- 
tilled from the experiences of the breeders, so tiiat if we can 
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„.,ke the braden accept more rational tvoridng melhodi, the 
n" breeder, I rollow tire 

crimr of Christian Wriedt. His Uttle booh rn Nortv'pan « 
just «actly what the breeders want It was an excellent dea of 
Punnett to translate it into Englrsh. It has jnst one fault, it » 
much too small, and for this reason just “P™ j 

lects that merit more cxtcnrive treatment. IHVncdt had lived, 
he would have been the right man to write the book that 1 am 
now attempting to write. . , . j r 

In the pages that follow 1 have tried to give the breeders ot 
the different domestic arum«ds enough of the knowledge of 
genetics to enable them to undentand the working of the 
methods they arc using, or those they should use. 1 have tried to 
provide an answer to the mosthkdy questions I have learned to 
antiapate, and in doing this 1 have endeavoured to avoid the 
use of sciendfic terms when plain English would serve equally 
well. Of course it is impossible to antiapate all questions, and I 
shall be happy if breeders who read the book will consult me 
when they are in any difficulty. 

In many questions of pcacdcal animal breeding it is possible 
to take either of two wholly different standpoints: (i) a breeder 
of any Und of animal can rest content when he, as a breeder, 
makes a profit out of his efforts; or (a) the standpoint can be 
taken that the ideal m breeding animals is to make the difrcrcnt 
breeds as profitable as possible from a general economic stand- 
point. Although I have never forgotten the situation of the 
breeders, 1 must confess that my own attitude has been con- 
sutenffy this, that wc should aim to make each breed of domes- 
Uc animals as good as possible to fill its niche in the symbiosis- 

group in which it eadsts. 

Thu separaUon between the pcnonal attitude of the breeder 
“utiuokofagricultutc in matins uf breed im- 

™ t *' bnd-books of the 

la^cr farm animals, espeoaUy those of cattlr. 


lagnfarma^ab.npc^y*u;:c“;S;Xx^ 
bSr,odcfiB 1 ^ tim hcrfl 
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Introduction to the First Edition 

of genetics. In many chapters 1 feel that it is somewhat pre- 
sumptive on my part to ask my readers to accept my views with- 
out going into the mathematical proof necessary fully to under- 
stand my reasons. If any reader feds this as much as I do, I 
advise him to take Lush’s book on Animal Breeding Plans, and to 
get the necessary statistics from this excellent book. 

My book has really grown out of my practical experience in 
co-operating ^vith breeders, and out of my own activity as a 
breeder. My experience in animal breeding is the sum of the 
experience of the men who have co-operated with me in solving 
their practical difficulties. 

In many instances I am advocating what has never been put 
to the test of practical experience. In this we geneticists have to 
follow the example of the engineers who dare to plan a building 
or a bridge that has never been built before. 

The most extensive piece of engineering of this kind in the 
present book is my nucleus scheme of breeding the larger 
domestic animals. So far no herdbook society is planning to im- 
prove a breed along those lines, although I dare to prophesy 
that it toU have to come to it in the near future. One of the 
reasons why I ventime to recommend this scheme ivith the 
utmost confidence is that it has been tried out with very great 
success in poultry and ducks. 

I wish to thank Dr. Hammond for suggesting the writing of 
this book, and I cordially acknowledge the encouragement and 
help recdved from several different friends, such as R. Bout- 
flour of the Royal Agricultural College, Cirencester; Mr. 
Hunter Smith, St. Albans; Dr. Mogens Plum, Copenhagen; 
Mr. R. van Vloten, Hedsum; and many others. 

At the end of this introduction I want to ask the reader’s 
indulgence for ha-ring written this book in a fordgn language. 
My own language, Dutch, happens to restrict the book to my 
own country, its colonics and South Africa, and I like to think 
that it svill be useful to many more breeders when I use English. 

A. L. HAGEDOORN 

Soesterhero, Holland 

1939 
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his book, which was always addressed directly 
to animal breeders, has with this edition arrived at its tenth 
printing. For this fifth edition it has been extensively revised. 

My motive in writing originally was the fact that whereas 
plant breeders have been assisted in their work by numerous 
Institutes, at the time I wrote there was nothing comparable 
(outside die U.S.A. perhaps) to give the same kind of service to 
the breeders of animals. 

The work has been revised from time to time and a great 
many penons have been kind enough to help me svith advice 
and often with examples I needed to make my points — people 
of the most diverse countries and nationalities. 

In addition to those mentioned in the original introduction, 
individuals who have been of great assistance to me are 
Mr. H. van Elden, Pretoria, Mr. E. H. B. Lefroy, Walebing, 
Western Australia, Prof. O. Mohr, Oslo, Mr. G. Odium, 
Pewsey, Wilts, Dr. G. Sutton, Perth, Western Australia, and 
Mr. Geoffrey Sykes, Salisbury, Wilts. 

A. L. HAGEDOORN 

Amersfoort, Holiand 
sjth October, igss 
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Publishers’ Note 


1 1 is seven years since the last revision to this work 
was undertaken by the late Dr. Hagedoorn, but as the larger 
part of it was written more than twenty years ago, we have 
thought it well to have the whole re-examined in the light of 
later developments in practice. We deemed this advisable 
mainly in the interests of students amongst whom the book has 
a continuing and large circulation. 

We have been fortunate in obtaining the services of Dr. 
Allan Fraser to do this work, and he has made all the observa- 
tions he considers necesssiry in the form of notes at the end of 
chapters requiring them. 
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4 Animal Breeding 

Breeding, his is a most fascinating book. It contains so much 
diverse and unique information not to be found elsc^vhere: of 
how the Hopis and Zunis farm the Arizona desert; of how the 
successful exhibitor of Bamevclder poultry collected lus birds 
for show; of how the stable-men in France practise the aphro- 
disiacal rite of “Ic lalandagc” to induce the jack-ass to mate 
with his mares. It is a book full of personal experience, of 
anecdote, of human understanding and of profound common 
sense. It reads easily, like a novel, and is one in which, every now 
and again, between the more formal presentation of gcnctical 
theory, the vitahty, wisdom and humour of its author come 
bubbling through. 



he breeding of animals is based upon the fact 
that certain qualities of our domestic animals run in families. 
Breeders aim to work in such a way that tlie coming genera- 
tions of animals svill be as good as, or better than, the pre- 
ceding generations. 

The continued presence of valuable qualities in strains of 
animals is due to the presence of inherited developmental fac- 
tors, which are passed on from parents to offspring. As the study 
of the transmittance of these substances is one of the main 
problems on which the geneticists are working, it is clear that 
this special knowledge of the geneticists may be of some value 
to the animal breeders. 

When we want to co-operate with the breeders of plants and 
animals, we geneticists have to remember just where our interest 
coincides with that of the breeders, and we must be clear as to 
the breeders’ objective, and how we can help them to reach it. 

The aim of the animal breeders is to breed good, valuable or 
beautiful animals, and they must do this by manipulating the 
units in heredity, the genes. The breeders, however, are not 
interested in those genes as such. Years ago, when “Genetics” 
was a young science, some of us thought tliat the interests of 
breeders and geneticists largely coincided, that the co-operation 
between breeders and geneticists should be of great profit to 
both groups of workers. 

It is true that to a geneticist, interested in evolution problems, 
a thorough working knowledge of evolution in domestic ani- 
maU, in wliich changes arc rapid, is very illuminating, and 
there may be one or two other points where a geneticist can 
learn by studying the work of the breeders. Wlicre geneticists 
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co-operate with breeders, the breeders profit most, or should 
do this, if the geneticist ^ows his and their business. 

The records kept by breeders, even the herd-book records, zxt 
seldom complete enough to permit a gcnetical analysis. This 
should never be a matter of reproach, because the records were 
not meant to be of interest to geneticists. I remember that at 
one of the international cattle-breeding congresses a committee 
of three men was nominated to study the way herd-books should 
be reorganized to make them valuable to genetics. This is really 
absurd. Herd-books need reorganization, but only to make them 
valuable to agriculture, and it b the task of geneticists to help to 
make them so. 

To a certain extent making the herd-books and their registra- 
tion methods better in regard to animal breeding would also 
make them more intcresUng as a source of genetic investiga- 
tions, for the greatest weakness in the ordinary methods of 
animal registraUon lies in the circumstance that too many facts 
of great value are lost. A geocUdst, turning to the register of a 
herd-book for a black breed of cattle would not 6nd data on tlie 
inheritance of the one gene differentiating black animals from 
red ones, simply because the birth of red calves is not registered. 
From the standpoint of the pedigree breeders this seems good 
business, as it would hurt sales if it were known that some ani- 
mals arc heterozygous and apt to produce red calves. From the 
standpoint of the same breeders, however, the only way to get 
rid of the unwanted colour is to weed out the heterozygous 
animals, or at the very least the heterozygous sires. 

In the interests of agriculture, it is important that the domes- 
tic animals fit into thdr place as perfectly as posdble. For this 
reason the separate strains must be made purc-breeding, homo- 
zygous for the most perfect set of inherited factors, and ^e only 
way to do this is to gather complete data about the breeding 
performance of the animab used for reproduction. This means 
very complete registration and no hiding of defects. It must be 
recognized that the ordinary herd-books arc not established to 
improve the breed; they register not from the standpoint of the 
users, but from that of the seller of breeding stock. The farmers 
who use the animab arc not very likely to notice thb, the pedi- 
gree breeders are prejudiced, and it b the task of the geneticists, 
who have no personal interest at staked to point out such things. 

I have considerable personal experience in co-operation with 



7 


Role of the Geneticist 

practical breeders of plants and animals, and the more I engage 
in this, the more I am convinced that in helping the breeders 
vie should not try to teach them much genetics. It is absolutely 
necessary that the geneticist himself shall have a clear picture of 
the why and wherefore of different systems of selection, and it 
often helps to be able to explain these things to an intelligent 
breeder. The geneticist, however, should not try to analyse the 
differences in the genotype of the animals up to a point where 
all the different genes concerned can be labelled and lettered. 
He should clearly understand that gene-analysis is an important 
tool in experimental genetics, necessary to obtain an insight into 
the working of the genes and their co-operation with environ- 
mental factors, but that the only genes we can hope to analyse 
are those that happen to have a very striking influence upon the 
development in the conditions of the experiment. In genetical 
experiments we carefully choose our genes and their substratum 
to get a clear picture, but when we are concerned with differ- 
ences in quality bettveen domestic animals, we must work with 
the genes influencing the qualities, whether we can recognize 
them as separate or separable factors or not. An animal breeder 
has to manipulate genes and genetic differences due to very 
many genes, and the important thing is that he shall choose 
the correct method of doing the work, whether he ever knows 
those genes as such or not. 

The geneticist’s main contribution to animal breeding is not 
an analysis of genes, but an analysis of breeding methods. 
Starting &om the assumption that the material comprises many 
individuals heterozygous for numerous genes, he must show the 
way in choosing methods of working, which must result in 
purity for the most favourable combination of genes. 

To get together svith the breeders he wants to co-operate 
witli, the geneticist must meet them half-way. He must learn to 
speak their language, he must imdcrstand their terms, and 
above all tiling he must understand their aims and tlieir diffi- 
culties. Preaching is the worst thing he can do. When, as often 
happens, breeders of certain groups of animals use absolutely 
wrong standards of value in their breeding aims, it docs no good 
just to^tell those men that they should choose their best breeding 
stock in some wholly different and more logical way. First, he 
must try to discover for himself why those breeders should set 
tlicmsclves such false goals, but in the meantime he must learn 
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ofthc learned men in authority to reach tlie practical men who 

are eager to preht by the lesrom geneUeista 
In plant breeding a similar state of tlnngs ^ted whe" 
breedmg was about as backward as ammal is 

about forty years ago. At that time the higher , 
plant breeding mainly consisted of attempts to find characten 
correlated with yield and other cconomicaUy-importan_ tl“ 
ties, but at the same time the practical plant brccdcre in 
small institutes and in the seed-firms were already forge^ ^ g 
all this solemn tomfoolery, and, Nvith the md of gcncUcis 
Ukc Biffen, Nilsson Ehlc, Baur and others, were learning to 
use the relatively simple, empirical, foolproof methods or to- 


In animal breeding tilings arc tending in the same direction. 
Thirty years from to-day breeders will hardly be able to bclicyc, 
that even as late as 1930 or thereabouts people were so foousn 
as to think that selection for show points in cattle was helping to 
build up the correct sort of constitution, or that licensing of stud 
stallions was still done without any relation to progeny testing* 
or that there were countries in Western Europe where a system 
of selecting poultry based upon the production of individual 


hens was forced upon the brecdeis by the Government. 

Most geneddsts who interest themselves in applied genetics 
arc botanists taldng up plant breeding. Very few of my col- 
leagues interest themselves in animal brcc^ng. Outside of 
America there arc perhaps twelve of us, all told. Norivithstand- 
ing this, or perhaps I ought to say for this very reason, animal 
breeding and co-operation wth ammal breeders is a fasdn- 
ating field of study for a geneticist with the necessary “fighting 
spint”. 

I am greatly in favour of a direct co-operadon between real 
geneddsts, with an experimental background, helping to build 
up the sdence, and real animal breeders, and I have a great 
distrust of the middlemen in science. Once in a while blatant 


stupidides are foisted upon the unsuspeedng laymen in the name 
of our sdence. In the chapter on progeny-tesdng I have treated 
of one of those monstroriues, the “gcnedcal analysis’* of fat con- 
tent in nulk by means of four utterly improbable “genes”. 

Personally I have alwa^ obtained very much satisfacdon 
from what I have been able to do in co-operation with the 
animal breeders. One man working alone can only touch upon 
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the most important subjects here and there and point the way 
for the younger colleagues to go. Animal breedingj perhaps 
more t han plant breeding, needs the foundation of special insti- 
tutes of applied genetics, where the many problems touched 
upon in this book can be fully worked out in the interests of 
agriculture. 


NOTES 

have a great disintsi of the middlemen in science f 
This statement of HagedoorrCsy at first sights might seem to be an un- 
usually forthright expression of frank self-criticism since it is precisely in that 
capacity — as a ^'middleman'' between the scientific geneticist and the practical 
breeder of farm animals — that Hagedoom and his book on ^‘Animal Breeding'^ 
have had their greatest significance. 

Tet I do not think that Hagedoom had the slightest intention of being self- 
critical^ since one of the many reasons for the success both of the man and of his 
book lies in their breezy selfcorfidence. The pointy as 1 see it, is that Hage- 
doomyfar from regarding himself as a middlemany considered himself to be a 
geneticist first and foremosty and his Junction to be the canying of the torch of 
genetics into the shadowy recesses of animal breedingy his mission that of a 
Messiah rather than of a middleman. It is, therefore, perhaps somewhat 
ironical that geneticists themselves have never been particularly impressed 
with HagedoorrHs genetics! 

A common criticism voiced by his fellow geneticists is that Hagedoomls 
genetics are out-dated in that he seldom pushed his analysis beyond the simple, 
easily understood and somewhat rare monofactorial Mendelian ratios and that 
he deals in an entirely qualitative manner with a subject which, in more recent 
times, has become highly mathematical. 

To me, it seems a sufficient answer to such criticisms to emphasize in 
Hagedoords own words that his book on “minima/ Breeding'* was book 
destined for the breeders themselves'*. Now, a book, to be useful, must be 
ready and had Hagedoom written a different type of book suchy for example, 
as LxisKs “vlnimai Breeding Plans", oeiy few breeders indeed would have 
read it. By adopting a different and simpler approach Hagedoom secured a 
large and enthusiastic audience among the precise public he aimed to vfiuence. 

Whatever may be said or written of Hagedoom as a geneticist, the most 
critical of his fellow geneticists is bound to admit that Hagedoom, more 
thm anybody else, prepared the soil on which other geneticists, should they 
wish to do so, may now sow. In doing this, he very manfully, just like 
Boulfiour, was prepared to wield the sickle of science to clear the practice of 
ammal breeding from a jungle of weeds. 

It is no ea^ task to preserve the smile on the face of a man going to the 
guillotine, yt that, precisely, is what Hagedoom succeeded in doing. He 
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to sec eye to eye with the men he thinks 

early in my career as a consulting geneticist I Ic^ revolu- 

absurd for a genetidst to ask a farmer to accept “wn mvolu 

donary views, when he cannot win the respect of the 

being able to tell the good and bad points of a cow or a hon^ 

Aftta all, it is far from difficult to learn what a s^owinan adimr« 

intheshoulderofahorscorinthetailofacow, and it n g 

those things wUl bring about a better undcRtanffing “ctween 
the man of science and the practical man, it is foolis no 
avail oneself of this occasion to make those mutually v ua 


comacH. . , 

In some ways a practical breeder has more experience tn 
genetidst in regard to the particular animals the 
interested in. On the whole the main advantage a geneticist ^ 

In helping the breeders lies in the fact that ^ cxpcncncc in 
matters pertaining to selection is vastly superior to the cxpcn- 
cncc the breeders can have. In the first place, the cxpcncncc o 
an old hand in thb sort of work b the sum of the cxpcncncc o 
the breeders with whom he has co-operated. In the secono 
place, the principles of heredity being identical in all hying 
beings, the gcncticbt works at a much wider and higher plane 
than each particular breeder of one sort of livestock. Very often 
seemingly insoluble problems that confront the breeders of one 
particular kind of animals arc not really problems at all: they 
have been solved over and over again in very similar instances 
in other animab, and oficn in plants. 

Nobody has ever bred in-brceding«resbtant strains of poultry 

and poultry breeders often dbcuss the question whether it will 
ever be possible by continued in*breeding of brothers to sbters 
to obtain a strain that vail be wholly pure and in which no 
further selection will be necessary or even cfFcctivc. To geneti- 
cists thb problem b not a problem at all. We know from experi- 
ments with other aiumab and with plants that it will be possible 
to do thb, and wc arc also able to point out the abundant snags 
that will present themselves to breeders who want to do thb 
work. 

When Mr. H. W. Kuhn, the sugar-beet authority, became a 
member of the Herd-book Society he later presided over for so 
many years, and gave hb opinion on a question of selection in 
cattle, somebody questioned his experience, as he was only a 
cattle breeder in a very small way; but he could truthfully say 
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that, in matters of selection, his experience was a hundredfold 
that of his most experienced colleagues who were cattle breeders, 
because he had been selecting sugar-beets all his life. 

A geneticist co-operating tvith breeders should follow the 
actual breeding work of different men very closely from year to 
year. Perhaps the very best thing he can do to obtain experience 
is to do some animal breeding himself. I think that, for my own 
part, the making of a few new breeds of poidtry, and breeding 
some different kinds of fur animals, in addition to the more ex- 
tensive breeding operations with small animals with the object 
of solving problems of theoretical interest, has done much more 
to give me an insight into the practical problems of my friends 
the animal breeders than anything else. 

A young geneticist, starting to co-operate in animal breeding, 
is soon brought to the point where he must choose between 
Working tvith the breeders themselves or tvith the animal-breed- 
ing authorities. It is a very curious thing tliat almost in every 
country in which I have lived for some years a sort of antagon- 
ism exists beuveen the breeders and the authorities directing 
matters of animal breeding. The same thing was true in plant- 
breeding when the reorganization of plant-breeding methods 
Under the influence of genetics was at its height. 

I generally find that the practical men who do the work and 
who are in close personal touch with all the practical details are 
very much less likely to be deceived by plavsible-appeannff, but 
unfounded tlieories than tlie authorities. The fault, I believe, 
lies in the fact that the men in authority, such as farm advisers, 
instructors in animal breeding, etc., usually lack the back- 
ground experimentation ought to give them. In the chapter 
on Government influence I have gone more deeply into this 
question. 

It is my oft-repeated experience that the practical men arc 
generally much more progressive and open to new truths than 
those set in authority over them. Some of the most antiquated 
notions, which have been disproved time after time, still exist 
In the minds of some of the older men. It is hopeless to try to 
convince such men. I am fully in accord with Boutflour that 
such men arc incapable of learning: they must die out and be 
replaced by younger men who have learned more than their 
predecessors. 

I have often found that it was necessary to go over the heads 
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grnitd Ik co^nc, c/praztud braJm while he w al 
hewing down tkir sacred groves of custom and superstition, Ja^ g 
Zlints of their vesUdinUrests embodied in ^ . 

Mosaic rtiihltssnus and dtleminahon. How he succeeded in mng 
shnned m eertam passages of this chapter, passages which 
younger gejuimsls concerned m animal breeding would do very 
ponder. 



Chapter Three 


Animal Breeding compared with 
Plant Breeding 


he laws of heredity that govern reproduction 
are identical in all living organisms — in plants, in animals and 
in man. For this reason it would seem that there would also be 
an essential similarity between the principles of animal breed- 
ing and of plant breeding. In fact, however, plant breeding 
and animal breeding differ in a surprisingly large number of 
points. 

When, in the beginning of the twentieth century, the re-dis- 
covery of Mendel’s principles furnished the key that made it 
possible to discover the real nature of heredity, the plant breed- 
ers were very quick to see the possibility of applying these dis- 
coveries to improve their methods of plant improvement. Dur- 
ing the first ten years of the century we witnessed a veritable 
revolution in plant-breeding technique; and it can be said that 
there are very few plant-breeding methods left which could be 
improved upon by a critical geneticist. Plant-breeding metliods 
are genetically sound. 

In animal breeding we arc a long way from this ideal con- 
dition. Speaking in a general way, the methods of animal 
breeding, especially when contrasted witli tliose of plant breed- 
ing, are remarkably speculative and economically wasteful. We 
can point to a few exceptions: there are some poultry breeders 
who have reorganized their methods and who have obtained 
gratifjdng results, but even in the breeding of poultry the 
majority of breeders still muddle along with genetically un- 
sound methods of selection which make them lose an unneces- 
sanly large amount of money every season. 

Why is it that in sound business methods animal breeding 
o 13 
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lacs so far behind plant breeding? Several different causes mn- 
tnbute to this. The first of these Ucs in the circumtance that, 
from an economic standpoint, the production of a^cullu 
crops and agricultural animaU is very much more xmpor n 
than the breeding of any other category of plants and aminais, 
and especially in the agricultural plants and animals ihac is an 
enormous difference in the relative value of one individual as 


compared with the breed. 

In wheat, in sugar-beet, in flax, the quality of the breed as a 
whole, the value of a large field of plants is important, but we i 
individual plant is relatively valueless. For tliis reason plant 
breeders arc more likely to attach importance to the average 
quality of large plots of plants than to the individual quality o 
separate plants. 

In hones and cattle, an important amount of money is 
invested in every individual stallion, every individual cow. 
Each owner only owiu a comparatively restricted number of 
animals; he knows them all as separate personalities, and hence 
the individual in his mind is of very much more importance 
than the breed to which it belongs. 

For Uus reason a plant breeder is more likely Uian an animal 
breeder to think in terms of groups of individuals rather Uian 
in tenns of individuals, and in selection and breeding pracucc 
this is extremely important. 

The second point of dificrcncc lies in the rapid reproduction 
of plants as compared with animals. Whereas in the larger farm 
ammab it takes approximately two or three years to produce 
another generation, and five or six years for a group of animals 
to double in number, in agricultural plants we have a genera- 
tion every year, and every year we can multiply the number 
of indiriduals a thousandfold. 

The m^n result of this ffifi^ence is that in agricultural 
plants it is feasible to separate the multiplication of a breed 
from its econonuc use, whereas this is practically impossible in 
most of the agricultural animals. In ordinary farm routine, 
the farmer buys ius seed from a specialist, but he breeds his 
own cows and horses. The production of sugar-beet seed, the 
production of seed wheat, or of onion seed, is in the hands of a 
few specialists who do nothing but multiply and select these 
agricultural plants. The breeding mares and cows, however, 
are m the hands of hundreds of thousands of people for whom 
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the daily use of these animals comes first, whereas breeding 
almost always comes in a secondary place. 

One of the consequences of this concentration of the breeding 
of agricultaral plants in specialist firms and in Governmental 
and similar breeding-experiment stations has been that trained 
geneticists have in these institutions devoted their Uves to the 
genetical aspect of this work of selecting and improving of 
agricultural crops. The decentralization in animal breeding, 
however, has withdrawn animal breeding from the sphere of 
influence of the geneticists. 

A centralization of animal breeding has not been wholly 
lacking, for breeders of several breeds of agriculturally import- 
ant animals have formed associations, breed societies, herd- 
books: but in the very nature of these associations there enters 
a very curious element. The breeders who come together to 
form these herd-books are not necessarily the general run of 
fanners, who are the real users of the animals and who would 
be primarily interested in improving them from an economic 
standpoint. They form a special group of breeders who are 
primarily interested in selling breeding stock, and for this 
reason more interest exists in the selling points of the breed and 
of outstanding individuals in the breed than in points of real 
economic value when the two do not happen to coincide. 

In some instances the standards of excellence used by the 
herd-books in the real or fancied interest of the members have 
no relation to real economic value, and where this is realized, 
a difference of opinion often exists between the users of the 
animals and the geneticists on one side, striving to set up real 
economic usefulness as a standiud of merit, and the herd-book 
on the other side, striving to keep going the old system, which 
makes it possible for the members to sell a good number of 
young untried bulls and of young stallions with good looks but 
otherwise only of speculative value. 

There is one otlier difference between plant breeding and 
animal breeding when looked upon from a genetical stand- 
point. We geneticists have often stated that the ideal way in 
which a practical breeder and a geneticist must co-operate is a 
system in which tire practical man tells his aims and iris troubles 
to the geneticist and the latter helps him to overcome those 
troubles and to att.ain those aims. In plant breeding this tvorks 
very well indeed. We must realize, however, that this is mainly 
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so because the aims of the plant breeder are ^ ^ 

and straightfonvard— aims that can be casdy g P 
understood. With most piants die ideal is to produce tlic gre 
est amount of crop of high qnality per unit of area. 

In animal breeding, however, the aims of the “ 

not so simpie or so straightfonvard. In not a few ins 
aims of the breeders have not been well thought ou . 
astonishing to observe how oft.cn even the breeders o c 
omically-important breeds of animals, such as milh ca c, 
up a standard of excellence that comprises a good num cr 
wholly irrelevant fancy points— such as colo^, length o 
dorsal excrescences of the vertebrae, resulting in a spcaal ba • 
line, shape of the horns and such things. Even tvhen tlic aim 
production, the way of judging merit may be such that r 
economic value is lost sight of in favour of some single one 
of the characters contribudng to the economically'cxccllcn 
result. When, c.g., breeders of milk cattle look for pounds o 
butter from a cow, or when breeders of hens look for ni^bcr 
and size of eggs alone, and lose sight of food*consumption or 
other facton in the economy of the animal, I am always 
reminded of the fat man in Wells’s story who took a mape 
remedy to “lose weight” — and had to live floating against the 
ceiUng of his bedrooml 

The real truth of the matter seems to be that whereas geneU- 
dsts can help the plant breeders to attain their aims, somebody 
has to help the animal breeders to set up economically useful 
aims before they can be helped to attain them. 

Some geneticists have seen that a whole lot of preliminary 
work of tlus Idnd must be done before we can hope for animal 
breeding to be put on a footing similar to that of plant breed- 
ing. Cases in point arc the reorganization of laying tests for 
poultry and statistical Investigations on methods of selection 
in caldc. 

\^^c^eas in plant breeding the pioneering work of rcorgan- 
izadon of breeding methods was practically all done by 
animal breeding, with a few outstanding exceptions, has stood 
still up to 1930, and just now we can only say that in animal 
breeding the influence of a better insight in variation and 
heredity is beginning to cause dmilar changes in method to 
those in plant breeding forty years ago. 

The outstanding exception to the rule that almost every- 
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where animal breeding has stood still while plant breeding has 
progressed has been Denmark. While my collea^es and I in 
England and Holland tried in vain to get the animal-breeding 
societies interested in rational methods of selection, the Danish 
co-operative farmers’ unions were going ahead practically 
alone. One of the chief reasons why rational animal-breeding 
methods could be used in Denmark is the circumstance that in 
that country the change &om general mixed farming to grazing 
was accomplished comparatively recently. In Denmark, 
modem meiods of animal breeding did not have to struggle 
against an old-established tradition of doing things in a certain 
established way. 

In the breeding of certain kinds of animals, the difference 
between agricultural animals and agricultural plants is not as 
marked as in breeding cattle and horses. The more fertile an 
animal is, and the less value every individual animal has, the 
more likely is it that rational methods of selection according 
to genotype will be substituted for the old-fashioned way of 
selecting according to individual merit. 

In plant breeding the greatest successes have been attained by 
substituting a system of selection, in which breeding value is the 
real test of superiority, for a system in which every individual 
plant is judged according to its otvn merits. The reason for this 
lies in the circumstance that a favourable set of non-hereditary 
developmental factors, such as a favourable spot, spetaally ad- 
vantageous conditions of climate and lack of competition, may 
have such a great influence upon the qualities of that particular 
plant, that titose qualities do not constitute a good criterion by 
which to judge the plant’s heredity. If we judge a larger group 
of plants, all descended from one common ancestor, the varia- 
tions in the circumstances under which the plants in this group 
grew up tend to neutralize each other’s action, so that tile 
quality of the group of descendants gives us a better way to 
judge of die heredity of this common ancestor. 

In breeding animals, it seems so obvious that the only certain 
way to judge an individual as a breeder is to judge tlie quality 
of his descendants tliat it seems absurd that geneticists have 
had to work hard to make tiie animal breeders accept tliis 
simple truth. Several different things have contributed to this 
difficulty. To defer the judging of a stud horse until we can 
actually do it by noting the quality of his get seems a very 
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slow way of doing things, when we arc convinced that ‘J'"' 
simpler, quicker methods. In many instances, as m 
choice between a greatnumber of young males, tlic maj ty 
which are superfluous, a choice has to be made Jtt an <»r y g • 

It is perfectly obvious tlial the fanner who mustbll olfa 
eighty per cent, of his bull calves chooses for survival those mar 
best conform to his ideal of beauty: and it is obvious mat i c 
of beauty, such as can be judged so easily at an early age, cn 
to become more popular than their value merits, ^ 

Most animal breeders arc so used to a great vanabi ty m 
their young animals, and the necessity of culling a great 
that they tend to forget the culls and to judge an animal * hrcc ^ 
ing value by the quality of his very best descendants. Tins is 
unsatisfactory. ^ . 

Whereas plant breeders arc continually comparing the men 
of different breeds, ready to discard one breed \vhcn they find a 
second one is better, most animal breeders arc convinced mat 
they will be able to change the quality of Uic one breed to which 
they are accustomed. 

In reahty animal breeders tend to overrate the genetic van- 
ability witWn the breeds, so that often they arc attempting the 
impossible. Very often new breeds tend to displace old ones, 
but only rarely this is a matter of deliberate choice as the 
outcome of suitable comparisons and c:cpcriments. 

In many aspects animal breeding could profit by the lessons 
to be learned from plant-brecding practice. In different ways 
and at Afferent times it will be necessary to use plant-breeding 
methods to illustrate points, and it ^vill be possible to hold up 
plant-bree^g methods as an example to animal breeding. 


Maize-breeding Methods compared with Animal-breeding 
Methods. The experiments of George Shull and those of East 
and Jones with maize in the U.S.A. have finally led to com- 
mercial methods of sccd-com production that arc based upon 
the superiority of hybrids. Sometimes two varieties are chosen, 
it being known that the hybrids are of superior quality. The 
plants of one variety arc detasselled and in between several rows 
of these, plants of the variety used as the father furnish the 
poUen to secure the hybrids. Such hybrid maize often produces 
a yield of grain that is very much higher than that of the in-bred 
lines crossed. 
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This high yield of the hybrid plants, compared with that of 
the separate in-bred lines crossed, is due to the combination of 
genes derived from both parents, and so long as this combina- 
tion of the two breeds furnishes the right combination of genes 
in all the hybrids, it does not matter much whether the in-bred 
lines themselves are very poor yielders. 

This, however, is not absolutdy true. Sometimes those in-bred 
pure lines have so much gone down in yield that the mother 
plants are poor yielders, and that the cost of hybrid seed be- 
comes too high. There are two ways of overcoming this diffi- 
culty, and the most obvious one is to produce a triple or even 
a quadruple cross, namely to use hybrid plants as mothers and 
a pure in-bred strain or even another first generation cross as 
the father of the seed sold. This is the usual method, thoroughly 
advertised. Another way is the use of non-in-bred highly pro- 
ductive plants as mothers, top-crossing them with in-bred 
fathers of another strain or breed. 

We must remember that the very high production of the 
hybrid plants is considerably flattered if we compare it with 
the miserable yield of one of the highly in-bred lines. To judge 
whether the in-breeding really gives us better materia] for the 
cross we should compare the quality of hybrids between in-bred 
lines with hybrids between non-in-bred pure breeds. If we do, 
either in maize or in sugar beets, it is found that the value of the 
in-breeding work is highly overrated. 

When it is proposed to apply a similar method to poultry, 
pigs or milk-cattle in addition to sheep, for which the method 
is employed, we must carefully determine what its advantages 
and disadvantages arc. 

In maize breeding the advantage of a single cross over a 
triple cross, involving three lines, lies in the greater uniformity 
of the resulting crop. If our best in-bred line only gives us a few 
naiserable heads, the commercial seed produced is expensive and 
looks very poor. For this reason cross-bred plants are generally 
used to furnish die seed, when pollinated witlt another, third, 
variety, notwithstanding the circumstance that a much more 
variable harvest results. Even with maize a much better scheme 
would be to use a fully viable and productive line to furnish the 
seed, and to use a suitable in-bred second line for the pollen 
parents. 

In poultry, and especially in our larger animals, the fertility 
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i, so low when compared ,vilh sugar beets or ^ 

cross-breeding schemes can only P-'V the ooultry 

furnishes the females wiU pay its way by itse^. In th= pom^ 

schemes that depend upon cross-breeding, nobody could make 

these work when the breed that furnishes the eggs 
produce a good many at the right season. , f,iil 

Plidn in-breeding without selection in any i,nr.ncns 

• of impurides will in most instances result in stock that ha^ 
to be pure despite many bad faults. The object of su ^ 
calcd breeding schemes, where in-bred strains arc pw ucc , 
be crossed later, can only be to produce the required ^ , 

homozygosity. We must remember that when we start in- 
ing vrith any group, those animals are already homozygo^ i 
respect to a great many genes, while heterozygous for o _ • 
In-breeding makes the group homozygous for 
respect to which heterozygosity still existed. If a numl^ o • 
dividuals are heterozygous in respect to B, ultimately the gro p 
when in-bred will conrist of all BB or all individuals. 

If we suppose factor B to be valuable, the loss of 5 m a 
group can never be an advantage. For this reason we naust no 
leave the genotype of an in-bred group to chance. Selection 
be necessary to make the in-bred lines better fitted to give 
valuable first-generation oRspring. The advantage of a cro^- 
bred group over variable pure-bred groups can only lie in the 
combination of valuable co-operating genes in the hybrid 
lot. It is much more important to find the correct combina- 
tion of breeds to cross than to obtain a high degree of purity 
in both those breeds. If the best combination is not found, 
an improvement of the strains by selection will not help very 
much. 


1 venture to think that the importance of in-brecding in the 
breeds to be crossed is overrated. The striking improvement of 
constitution and yield in the hybrid group is due to some extent 
to the contrast between the greatly diminished quality of the 
in-bred groups and the hybrids. 

Iiuofar as a group of hybrids is better in health, in resistance 
to disease and in yield when compared with one of the strains 
or spcdcs crossed, the possibility certainly exists of ameliorating 
that brcc^ by m^ns of cross-breeding. If the hybrid is superior 
because in addition to the genes of one of the parental groups 
it possesses one or two additional genes derived from the other 
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variety, back-crossing the hybrids with tliis parent group will 
make it possible to add this quality. In fact, there is no clear 
demarcation line between this and what is discussed in the 
chapter on adding a gene (Chapter Sixteen), 


NOTES 

In this chapter, Hagedoom draws a comparison between Plant Breeding, 
which he evidently considered to be based on sound scientific principles of 
modem genetics, and animal breeding, which he considered to he very much the 
reverse. 

It seems to me that here there are two separate questions to be discussed. 
In the first place, while in Plant Breeding there is a clear division between 
the man or organization growing the seed and the fanner who buys it to sow 
his crops, that division of labour is, admittedly, less clear in Animal Breeding. 
With the passage of years and the development of A.I., however, it is becoming 
more marked, I don't think it was ever quite so indistinct as Hagedoom 
suggested when he wrote that: 

''The breeding mares and cows, however, are in the hands of hundreds of 
thousands of people for whom the daily use of these animals corms first, 
whereas breeding almost always comes in a secondary place." 

Is this stalenunt really true? Surely not so far as the stud-breeder is con- 
cerned! While very frequently there may well be a combination of enterprises 
there is still in cattle, sheep, pigs, indeed in all livestock production, the man 
who specializes hi producing breeding animals to sell, he it a pedigreed, pure- 
bred bull, ram, or boar, and the man who buys these sires to use in the pro- 
duction of milk or beef, mutton or wool, beef or pork. Pfow, on Hagedoom' s 
reasoning, a further and firmer separation and greater distinction between the 
"stud-breeder^' and the "commercial" livestock producer would be an advan- 
tage, since it would bring Animal Breeding into closer alignment with Plant 
Breeding. 

I am somewhat doubtful of that proposition unless, indeed, the stud-breeder 
were prepared to progeny test his stock under the "cotrunercial" conditions in 
which the business of his customers arc conducted. I have felt sometimes that the 
separation of aims and interests between the stud-breeder who sells breeding 
stock and the "commercial" farmer who muit use them is one of the very 
weakest links in present-day ^sterns of animal husbandry. 

In the second place, I very muck doubt, also, whether plant breeding, as 
contfiUied with animal 'breeding, is irwariably conducted on strictly gcnetical 
prxrsiples, without regard to oth^ considerations not strictly genetical. After 
all, seed production is a trade, and there is no trade without tricks. I make no 
preUnsiotis whatever to any jpecialized knowledge of plant breeding. / have, 
hsucer, in the more humble capacity of a household gardener, bought new 
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similar expenence in a wuUtJidd „,no,<tsinthis 

Hagedoom, at om time a genetiast mpbyei hy a pmetics, 

chapter that in modem seed pradiuiion the pniKtplasof A He 

fuUyundeTStoodandinUUigenay applied, ts the secret ZLbale his 

w<um a position to know and I have not the first hand knowUdge to dispaUM 
claim Others possessing siuk biowUdge might, however, be prepar 
test it, as for example Hudson and Richens did when, in reviewing 
Genetics in the Sovut Union'*, they wrote that . - 

‘ many plant breeders would admit that genetical theory h^ 
or no direct tnfiuence on their practical nuthods, and has contnbu re 


little to their ackieiemenls ** 



Chapter Four 


Heredity 


he animals of one species, of one breed, resemble 
each other, and this resemblance is due to heredity. If vve mate 
Guernsey catde we expect a Guernsey calf, and if we breed 
White Leghorn fowls we expect the chicks to be White Leg- 
horns. 

When the new science of Genetics was in its infancy, it was 
generally believed that the process of inheritance consisted of 
the transmittance of the qualities of an individual to its off- 
spring. To-day we know the mechanisms of the process which is 
responsible for the similarity between parents and offspring, 
and as a result we now know that it is scientifically inadmissible 
to say that certain qualifies are inherited fi'om parent to off- 
spring. The old controversy about the question whether acquired 
characters were inherited was based upon a misconception of 
the nature of inheritance, as we shall presently discuss. 

When we look at an adult animal and compare it with the 
germ-cell Grom which it grew up, we find that the qualifies 
of the adult animal are acquired in the course of a process of 
growth of development. To a certain extent, the final result of 
the development is due to qualifies inherent in the germ-cell in 
the fertilized ovum, but at the same time we know that this 
germ-cell can only grow and develop when external conditions 
arc just right. 

The final qualifies of an animal are due to the way it develops, 
and this development is file result of the co-operation of a great 
many different dungs, whieh wc may call factors in this devel- 
opment. Tliose developmental factors arc always of rivo funda- 
mentally different kinds, inherited factors and non-inherited, 
environmental factors. 
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Notwitonding the feet that dte neturc of wo Und 5 oj 
factors in an animal's development is 

passible, in a general way, to say that tire inliet^ted faemrs m 
more important than the environment; or ^ ^ 

round, at no time is it possible for a young “ ‘“P^“ 

developing, when both kinds of factors do not co-operatc 


'^TSerited developmental factors are of one «ry 
kind: they me material substances i, 


tina: mey are mmcnai is 

parent to offspring. When the egg produced by the mom 
fertilized by one sperm, furnished by the father, the egg . , 


fertilized by one sperm, furnished by me lamer, ... j 

sperm contzdn a great many of those substances, 


sperm contain a great many uiusc — -- , 

germ contidns an enormous number of these substanc , 


germ contains an enormous uuuioci kaaw-w — -- ^ ■ , 

very Uttle of each. These inherited substances arc denveo omy 


very uiuc ox cawii. auwo — f'nVieri- 

from the parents, and once the egg is fertilized, the set o 
ted substances ttiis egg and the animal that grows from i 
ever have is deterrained once and for all. 

In Genetics we call those inherited substances, whicn a ^ 
factors in the development of an animal, by the name gen • 
and we employ the term ‘‘genotype’* for the make*up ot 
individual, as far as those genes arc concerned. 

The genotype of an animal, therefore, is made up of a 
number of genes, and the genotype of that animal is unal c 
able. To a certain extent the animal’s inherited make-up makes 
it possible to develop in certain ways, and the genotype 
sets certJua Unuts to this development — ^but me fin^ quahucs 
of an animal are not wholly determined by its gcnetical make- 
up, as in every quality non-gcnetical developmental factors 
have some influence. . 

When the fertilized ovum begins to develop, the first cel 
divides into two cells. These again divide, and the four cells so 
formed divide again and again, until finally the large, compu* 
cated aiumal, consisting of millions of cells, has grown from the 
rmcroscopically small germ. 

Those cells of the adult organism differ from each other m 
several ways — in size, in shape, in chemical and physical 
properties: but still wc know that in one respect all the cells of 
the animal arc alike, for they all contain the original set of genes 
which went into the fertilized egg. 

It would be hard to understand how it could be possible for 
all the cells to contain the same substances, when wc knoiv dif" 


25 


Heredity 

ferent kinds of cells differ so much in composition, if we did not 
know that the genes within the cells are localized in a separate 
nucleus. Inside this nucleus the genes are arranged in strings, 
the chromosomes; outside the nucleus in the cell cytoplasm 
other cell-ingredients are present in varying proportions in 
different tissues. 

The chromosomes in the nucleus are paired, and in every pair 
one chromosome is originally derived from the mother and one 
from the father. When a certain gene is inherited from both 
parents, the chromosomes are so arranged in the nucleus that 
those hvo genes are placed side by side, and this is possible for 
all the genes, because they are arranged in a definite order on 
the chromosomes. 

In the higher organisms every cell contains a great many 
genes, and it is evident that the number of different genes runs 
into the tens of thousands. In the beginning it was thought that 
those genes would probably be protoplasmatic, living corpuscles, 
but it becomes more and more probable that we are dealing 
tvith chemical substances of a special kind (autocatalisers), 
and that only one molecule of each gene is present in each cell. 

The genes multiply in the cell, and when every gene present 
has doubled its volume, the whole chromosome splits into two 
identical halves. Before every cell division the chromosome pairs 
go to opposite poles of the nucleus, which divides before the 
cell does, and in this way one complete cell containing a pair of 
chromosomes of each kind for a short while contains two pairs, 
and then divides into two equivalent cells, each having one pair 
of each chromosome. 

In Genetics it has become usual to denote genes by means of 
letters of the alphabet. If both the father and the mother have 
contributed a certain gene A to the fertilized egg, the egg 
nucleus, as far as gene .d is concerned, becomes AA. By duplica- 
tion these two A's become four, so that for a short while the 
nucleus contains d/l/ld. At the next nuclear division and cell 
division, we get again two complete cells, each containing AA. 

Now any cell can only be in one of tlirce possible conditions 
in respect to any given gene. The case in which both parents 
contributed A, we have just discussed. It is possible that the 
parents did not both contribute the same gene. If at the 
moment of fertilization, only the egg or only the sperm contaim 
d, in the chromosomes at one spot there will be a gene A in one 
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of the pair, but the other chromosome of 

Usually we employ smaU letters as sym^oU f°r 

genes, and then Ute nucleus of the fer^sed egg 

but it wiU be Aa. men now the nucleus sUrts to “'™'' 

will be a moment when there arc four homologom c , 

in the nneleus, dodo, butwhen the nuclear drv.s.on««^^^^^^^^ 

we have two cells that ho* have 
In such a case we say that the individual is hctcrozyg 
for gene d. In such a heterozygous individual, cyc^ sing 
the body is equally heterozygous, and carries 
The third possibdity is that d is lacking from the ongma 
altogether, and we can then write its formula aa. 

For a certain gene d there arc therefore three 
ditions in which we can find individuals, namely, dd 1 
zygous), da (heterozygous), and aa (absence of the genej- 
At the dme of fertilization the nucleus of the germ- 
composed of the chromosomes in the egg (denved rom ^ 
mother) and the chromosomes in the sperm. Let w ^ 

each parent contributes four chromosomes, so that the Ic 
germ-cell contains four pairs. We saw that every cell o 
young orgamsm has the genotype of the original germ, m 


case four pairs of chromosomes. j 

Eventually such an individual becomes sexually mature, a 
starts to produce germ-cells. It is evident that there 
doubling of the chromosome number at every generation, u ^ ® 
germ-cells conUuned a full complement of cliromosomes, jus 
like all the body-cells. If every egg and every sperm contame 
four pairs of chromosomes, the new fertilized eggs would con- 
tain right pairs, and if tl^ process went on, the number o 


chromosomes would double in every generation. 

This, however, docs not take place, for every organism pm* 
duces germ-cells in a special way, destined to h^vc the number 
of chromosomes present in the body-cells. Whereas in every 
ordinary cell (hvision the nucleus divides after the chromosomes 
have duplicated, tins so-called reduction-division consists of two 


subsequent divisions after one chromosome doubling. 

When an animal in its germ, and as a result of this in all its 
body-crib, carries a pair of chromosomes in both of which A i* 
present, its formula may be written AA or AAAA after the 
chromosomes have duplicated just before nuclear division. At 
the reduction-division four crib arc formed, each containing 
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one of those chromosomes, and as a consequence each only 
conttuning one A. 

When a homozygote produces germ-cells, “gametes”, those 
germ-cells tvill all contain the gene for vvliich the individual tvas 
homozygous. 

What happens when a heterozygote produces germ-cells? In 
a heterozygote, only one chromosome of a certain pair carries 
A, the other does not. We can write the formula of its body-cells 
Aa. Just before each nuclear division a cell becomes AaAa, 
and when a reduction-division takes place, this gives us four 
gametes. A, a. A, and a. In other words, a heterozygote pro- 
duces two kinds of germ-cells, 50 per cent, with and 50 per cent, 
without the gene, which was inherited from only one parent. It 
is evident that an animal that did not receive a certain gene 
from either parent tvill not be able to pass it on to its children, 
and the aa individual will produce nothing but a gametes. 

In respect to one gene. A, we may have: 

(1) Both germ-cells containing A, fertilized ovum AA, body- 
cells AA, own germ-cells all d. 

(2) Both germ-cells lacking A, ferdlized ovum aa, body-cells 
aa, own germ-cells all a. 

(3) One germ-cell with, and one without A, fertilized ovum 
Aa, body-cells Aa, o\vn germ-cells 50 per cent. A, 50 per cent. a. 

In a lew instances it is possible to demonstrate the presence of 
a gene in the germ-cells themselves. In ordinary rice exists a 
certain gene that is necessary for the production of starch. In 
“ketan”, glutinous rice, this gene is lacking. When we cross the 
two kinds of rice, we make heterozygous plants, which in respect 
to this gene are Aa. Now if we treat pollen-cells (gametes) of rice 
with iodine, they become dark blue, but pollen-cells of ketan do 
not change colour; when we treat some pollen from the hetero- 
zygotes %vitli iodine and examine it, we find a mixture of dark 
blue ( 4 ) and pale (a) gametes. 

It is very rare to be able to demonstrate the presence of a 
gene in germ-cells directly. No instance is known in animals. 
We can, however, see the production of two kinds of germ-cells, 
50 per cent, with and 50 per cent, without, in a hetcrozygote, 
when we are dealing %vith a gene, which influences develop- 
ment in some marked way. 

In animals in general the presence of one dose of a gene, as in 
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an imaU vary, no t\so animals being ever 
wholly alike. The causes of variability are many, but they 
be roughly divided into two groups, causes that influence the 
development of the animals fiom wi^out and inborn causes o 
diSerence. 

The commonest cause of variation is age. When in a group 
some animals arc very old, some arc ne\v«bom, and others arc 
of various ages in bctivccn, this cause alone produces a ve^ 
great amount of variation. Animals of the same age and sex m 
one group, however, may differ considerably among them- 
selves. This variation may be partly due to the variable influ- 
ence of different factors that contributed to the development of 
the animals. Some animal^ niay have been bom in large htters, 
and others in small, some may have had better care than 
others, some may have been bom in an unfavourable spot, or 
under unfavourable circumstances. Some animals in the group 
may be healthy, and others may be parasitized. Some may have 
been used for breeding at an carher age than others. 

Ap^ from these environmental factors in development, the 
inherited make-up of the animals of a group may differ. In a 
group of hens, some may be white and others black, some pig* 
in a htter may have standing and some may have drooping 
^rs. Some sheep in a fold may be polled and others may have 
ho^. In U^se instances wc know that inherited differences, 
differences in the presence or absence of inherited develop- 
mental facton, arc responable for the variation. 

Very often both groups of influences will have an effect on 
the iomc queues. Differences m egg size in a flock of pullets 
may be partly due to inherited factors, but we know that the 
30 
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date of hatching and the quality of the food also influence egg 
size considerably. 

The amount of milk a cow produces is partly influenced by 
her age, and by feeding and care, all non-inherited develop- 
mental factors, but partly by inherited factors transmitted from 
the parents to the ofispring. 

By a study of variation as such we are never able to find out 
which part of the variation is certainly due to environment and 
which to heredity; yet it is extremely important for every 
breeder to know that the effects of those two groups of causes of 
variation are wholly different. 

When we have a group of animals differing in quality, a flock 
of hens differing in laying capacity, a group of cows differing in 
milk yield, a herd of swne differing in general conformation, 
we may easily be led to believe that those animals are the best 
to keep for breeding which most fully conform to our standard 
of perfection. 

This, however, is only partly true — for whereas the differ- 
ences due to presence or absence of inherited factors can be 
used as a basis for selection, the differences due to environ- 
mental influence cannot be so used, they only tend to confuse 
the issue. 

Two animals that differ in inherited make-up, and of which 
one has inherited a certain factor more than the other one, will 
also differ in heredittiry quality. The animal that has inherited 
the factor will transmit it to its progeny, the other one svill 
never do this. 

The effect of environmental influences is wholly restricted to 
the individual. When we compare two bulls, of which one is a 
young vigorous animal, and the other a feeble fifteen-year-old 
bull, the former will not necessarily transmit his vigour, nor the 
aged one Ws weakness: for all we loiow, things may be the other 
way round. When we succeed in building up a bull for the 
shows, so that his back-line is just perfect and he has fat in all 
the correct places, but no bulk where he is supposed to be slim, 
this does not help liim in getting any more perfectly formed 
young stock. 

In the breeding of sugar-beets we have an excellent example 
that illustrates this point. The beet-seed specialist svill select his 
groups for high productivity, and when he has obtained some 
excellent breeding stock, he must multiply this stock in order to 
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Aa animaU, causes as much ^ngc iu development as the 

presence of two doses in AA ammals with a lot of 

In ducks there is a certam gene which (togcacr . 
others) must be premnt in a duckling forit m p 
Animals lacking this gene are white. If we floored 

drake with white ducks, we know that the S ' . 

duddings are heterozygous: they Mn have ^ 

from the coloured parent, and for this reason they 




Fkj. I — FoUen of a bybnd betw e en erduiary nee and gluuawi* n« 

!ler trcatmeoi wjlh lodiu {after PamellS. Rice ooUen itauu an inleniC blue, acw*** 


after trcatmeoi with (after Parnell). Rice pollen itains an inleniC biuc, 

pollen becomea yeUowub, tW bybnd pollen u of two kindt. 

To find out what kind of genn-K:elIs such animals produce, the 
easiest way is to mate them back to whites, for we know that the 
whites lack A, and all their gcrm-ccUs must be e. When we do 
this, wc get 50 per cent, coloured and 50 per cent, white duck- 
lings. The coloured ones must have inherited the factor A from 


the coloured, heterozygous, Aa parent and the white ones came 
from two a gametes. 

An individual that proved to be homozygous for a gene AA 
always give factor 4 to all his of&pring. Such a homozygotc 
originates from the comlrinadon of two gametes, both canTmg 
gene A. It is clear that the parents of a homozygote need not be 
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homozygotes: for if we mate two Aa animals together, both of 
them produce 50 per cent. A gametes, so that they will pro- 
duce some homozygotes, AA. 

This mating will also produce some more heterozygotes, Aa. 
A heterozygote is simply an animal which is born from two 
gametes, of which only one contains the gene, and it is not 
necessary that the parents of a heterozygote produce nothing 
but just one sort of germ-cells. The coloured ducks bom from 
one coloured and one white parent are surely all heterozygous 
Aa, but other heterozygotes svill be produced from all matings 
m which it is possible for an A gamete to unite with an a one. 

On Dominance. We have a case of complete dominance if two 
doses of a gene in a homozygote have the same effect as one 
dose in a heterozygote. 

Sometimes, however, it happens that tlic heterozygotes (Aa) 
are more or less intermediate in character behveen the two 
homozygotes, AA and aa. A very good example is that of the 
three colours in Shorthorn cattle. Here the roans are hetero- 
zygotic (Aa) and the red or the white animals are AA and aa 
respectively. 

Whether dominance is or is not complete depends upon the 
rest of Ae hereditsiry make-up. Barring in chickens, for instance, 
IS dominant in black-downed breeds, so that there is no signifi- 
mnt difference in colour between BB and Bb chicks. In brown- 
owned breeds, hotvever, the BB birds are very much paler in 
00 our than the Bb ones, and the existence of autosexing breeds 
ycnds upon the fact that males are BB and females Bb (see 
tmapter Seven). 

In most famihes of mice albinism is recessive. In chinchilla 
mice the heterozygotes, Cc, are intermediate in colour, and I 
cceeded in making albinism dominant by substituting pp for 
in a strain of chinchilla mice. 
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sell seed. To save space he sows the wU^h '“c 

harvests a crop of miserably thin ^ to grow a 

wintered and planted m spnng at „o vSue as 

crop of seed. The fact that these t«d-b^ toe M v^ 
individuals does not imp^ their v , .^o a valuable 

mcrdal bccU; the essential point is that th^ ha 
herediUty make-up. and this is what is j pet- 
it seems so evident that in a group of ” t,^y 

feet ones are likely to have the best ftevCn- 

bteeders think they are doing all they ^ „ w W best 

tinually weed out poor speamens and keep only the ry 

animals for reproduedon. ...Ur^urto 

Once ^vc realize that an animal’s quahues arc as . 

environmental influences as to genotype, it becomes 
that the ordinary variability, which wc *1.1 

group of animals, is partly due to heredity and par y 
influences. . , 

In any flock of hens the birds wUl vary in number ol egg 
produced; and some hens >vill have better daughl^ 
others. At first sight it would appear that the best-laying w 
must be those that have the best daughters, but this is 
true. If wc could have an absolutely pure breed of pomtry, 
winch no genctical variability existed, and in which thcr o 
all hens had absolutely the same genctical make-up, the . 

of eggs produced by the pullets ^vould still vary from individu 
to individual, but the poorest layers would be just as good o 
breeding purposes as the best ones. . 

Breeders as a rule over-estimate the part played by heredity m 
variation, and under-estimate the role of environmental cames 
of ^ffercnces in their stock. Repeatedly wc find that fanciers, 
when establishing a scale of points to judge their animals by, ^ 
the shows, or at the time of stud-book registration, attach gr^t 
value to characters that arc subject to great influence by the 
environment. In almost all scales of points established by cattle 
herd-book, points for “back” and for “loins” take up n con- 
siderable part of the total points. It is very surprising when one 
finds that the ^fference bct%vccn an a pimal that is especially 
strong on those points and one that faik in them is chiefly 
caused by suitable feeduig or the reverse. 

Wc can get a rough idea of the relative parts played by 
heredity and by environment in the variation of our animals by 
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two means. It is obvious to experienced exhibitors and judges 
that very much can be done to improve an aiumal’s appear- 
ance by feeding and training down to trimming, massaging 
and faking. When our judges get into the habit of admiring 
animals of fine appearance, this soon leads to a state of things 
where bulls and stallions must be shown rolling fat, and where 
differences in this sort of “constitution” completely hide other 
differences due to heredity. 

Another means to get an idea about what is due to inheri- 
tance and what to environment, is to study the correlation be- 
tween parents and offspring in regard to different points. When 
we find that in a black-and-white breed of cattle the bulls with 
much white on the average have daughters with more white 
than the very black bulls, this shows that the amount of white 
in the coat is largely due to inherited factors. If, on the other 
hand, we find that the bulls with the highest points for “Back 
and loins” have daughters that do not average any higher in 
these points than those of bulls with low points for these items, 
we know that quality on those points is mostly due to environ- 
mental influence. 

In scientific genetic publications we generally reserve the 
term “variation” for the influence of genetic factors, while 
using “modification” for the influence of environmental factors. 
In most instances variation is found to be continuous, that is to 
say, if we arrange a scries of animals according to any quality, 
we find tliat the differences between them are gradu^. The 
larger the number of animals we examine, the better the gaps 
arc filled in, so that in a very large number almost all grada- 
tions are found. 

This is not always true; sometimes we find instances of dis- 
continuous variation, where in a series of animals sudden 
breaks occur. 

Discontinuous variation is found in all instances in which a 
factor in the development has a very great influence, and such 
a factor may be either an inherited factor, a gene, or an environ- 
mental influence. 

In canaries, examination of a mixed group always shows that 
the birds are either crested or plainhcads; in the development 
of crest we sec the influence of one gene very clearly. Witlun the 
group of crested birds, the crests may again vary continu- 
ously. In cattle and sheep size of horns may vary continuously, 
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but one gene producer the difference between homed and 

poUedammab-herevananonistonUnuom. ^ ^ 

^ Condnuom variaUon a often due to hut this does 

great many genes, for which the group a not pure- i,™ 

ILTmean *lt. 4erever we see condnuoto v“, -Jarg' 
number of inherited factoa ate concerned. 
milk we see aU gradadons in a herd of cows, ^ 

sible that only one or avo genes ate tcaUy bjluences 

we have so many gradadons because environmental influences 

modify the character. ^ ^ . ^uz^h 

The most striking instances of vanaUon ^ 
animals with unexpected novel characters suddc y 
In the domesdc animals such cases arc frequendy £ouna, 
of them on exammatioa proving to be due to the cropp g F 
of individuals that lack one or more genes. 

The cause of such unexpected “sports” may be mut » 

that is the spontaneous loss of a gene from some germ* i 

mostly in an ancestor some generations removed. In su 
event the mutation may res\dt in the production of a he 
zygote, which breeds some more hetcrozygotes, and lately jv 
two hetcrozygotes happen to mate, the individuals with 
novel character orig^atc. 

The most frequent cause of the origin of such sporty ho 
ever, is cross-breeding. Cross-breeding always results in the pro 
duction of animals that arc heterozygous for all the factors m 
which the parent breeds differ. If we breed from the hybnds, in 
every case only three out of four of the young will get such a 
gene and one will be without it. , - 

It often happens that in two breeds a very similar 
ferent gene is present, each of which has about the same cflcc 
on development If thb happens, one-fourth of the 
animals will lack one of those factors, one-fourth of all will lack 
the other one, so that in all, one animal out of sixteen will hav c 
ndther the one nor the other. 

In our own cross-breeding experiments with rats we met 
several such instances. If in one species the animals are grey 
instead of yellow, because they have a factor A (but not B)* 
whereas in the other spedcs B is present (but A is lacking), the 
hybrids will have both A and B, but they will be hctcrozygou* 
for both {AaBb). Such hybrids, when mated together, will have 
a very few (one in sixteen) young tliat lack both A and B. Their 
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formula in respect to those two genes is ab, and such animals 
are yellow. 

The production of such double recessive novelties is a very 
common thing, wherever different breeds arc crossed. 

It sometimes happens that a striking character is due, not to 
the genotype of the individual showing it, but to that of some 
other individual. 

In a recent case we found in one family some mice without 
whiskers. It could be shown that the absence of whiskers was 
due to an inherited tendency of some mice to eat their com- 
panions’ whiskers (they could not eat their own). 

The mice with the inherited aberration looked normal; their 
barefaced companions were simply victims, and not geno- 
typically aberrant. 

When two apparently very similar breeds arc crossed, it is 
possible that those breeds do not have the same hereditary 
make-up. In such instances nesv unexpected (often quite un- 
pleasant) qualities will be shown by some of the second-genera- 
tion progeny. The crossing of two breeds generally leads to a 
very great variation. When it is deemed advisable to ameliorate 
a breed, crossing it with a similar breed may cause the sort of 
variation we can use in our selection work; but crossing two 
breeds should never be loosely undertaken, as it will tend to 
destroy the painstaking selection work of many years and create 
an enormous amount of unwanted variability and impurity. 

Geneticists have learned very many things about variation, 
its causes, and the way it can be controlled. The animsd-breed- 
ing industry is only just beginning to realize thelmportance of 
this mass of knowledge for animal breeding. The success or 
otherwise of different methods of selection in different cases 
hinges upon the sort of variability present in the material. 

On tins point gcnctidsts who arc studying variability and 
heredity can be of the greatest help to animal breeding if they 
ivill take the trouble to use their knowledge in a critique of 
animal-breeding metliods. Where breeders use inadequate or 
wholly worthless methods, the reason is almost invariably 
found to be a misapprehension of the variation svith which they 
arc dealing and its causes. 
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NOTES 


Th^ « u,y clmr oM f ^Hagcdoom 

mjam^mds MlhoughbyUmnmg^profimm^i^ f 

Jto m ailmpt to uodornttmou P-T tiT^Zuh li rtgordd 
vanatwn although, of course, emphostztug yP . ^uder no 

as full} proem, that such vanatim trwiroummtall} pr ..„^stimatl 
circumstances hentable His statcmmt that Brec g^^gCgaoiron- 

the part played hy heredity m conation, and under ftJfuUy corfrm 

mentcd causes of differences in then stccK' , is one which I an ftd^ 
from my personal erpenence When working at the ^ „/■ 

%senUy had to demonstraU sheep feeding expenments to P^fJ^J^n 
^ difference resulting from a quite simple alterationtn diet,^ 
or mineral deficuncy, IS often qisiU dramatic ^ dffcrently 

the sheep at the beginning of the experiment must have 

bred It was hard to convince these farmers that it not so J 

litre ntitT conairutd I amincUrud to go futiher and U> sugges 

portance of breeding in animal husbandry has been consKurably ^ . 

rut only by breeders but by most other people concerned with , 
Hagedoom, being a genelicut, could hardly have been expected to 

that view miical 

Two minor statements tn thts Chapter seem la me to require 
comment Discussing the fat content of tmlk, Hagedoom suggests iM 
u very possible that only one or two genes are really concerned 
whether any other modem geneticist would accept such a suggestion 
In another passage Hagedoom writes that, '^Tbe crossing of two 
generally leads to a eery great vanation ” This statement seems to con 
subsequent passages tn later chapters emphasizing the uniformity 
from the first cross belwem bvo breeds I imagine, therefore, that wha 
doom If referring to here ts the vanalioa which occurs when the first cross pr 
geny between two breeds ase themselves interbred 
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nr he aim of selection is to make the animals and 
birds of the next generation as good as, or better than, those of 
the present one. It is very generally believed that our present 
breeds of domesdc animals have been slowly evolved from the 
breeds that have gone before, and ultimately from wild 
ancestors, by a process of selection. 

The idea that selection must certainly be effective, that every 
time we choose animals that differ in some way from the average 
quality of a group in which we find them, in order to breed the 
next generation, then this next generation will be found to be 
shifred in that same direction, is extremely prevalent. It is based 
upon a belief in the inheritrmcc of the qualities of animals and 
plants. 

When we think the qualities of an animal are somehow passed 
on to its progeny, it seems obvious than those animals that have 
some quality to a high degree svill certainly have offspring that 
svill be more extreme in that point than the general population. 
To give an example; if wc see that the birds in a breed of 
poultry vary in size if we weigh or measure tliem carefully, it 
seems evident that when wc select the smallest pair of birds in 
each generation, and keep up this selection, the birds in our 
selected line will get smaller and smaller regularly, until finally 
wc have reduced them to a bantam-replica of the breed svith 
which wc started. 

It must come as a shock to some breeders to learn that on the 
whole those ideas are not true. It is certainly impossible to make 
bantams out of a large breed by straight selection. The fact is 
that the supposition on which those ideas are founded does not 
hold. Tile qualities of an individual are not inherited as such. 
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The only things that are passed from parent to ^ 

in theU U.e gen«, 

to give the developing nnimal certain <1“ Se 
by no means to be looked upon as the so 
"inherited” characters. 

The quaUtics of an organism arc partly due to ^ ^ 
different coHjperating environment caus^ not 

affect only the development of such an mdividual, th^ 
inherited, and neither are their effects. In fact, most of toe 
non-inherited factors arc of such a nature (temperature, toon, 
forces) that thdr action is exerted only at a cert^ stage o 
development of the parent, so that any inhentance e c 
wholly excluded. Drought during spring may stunt a plant, nu 
it would be very difficult even to imagine how ^ 
action of drought, resulting in a permanently small statur 
this plant, could ever affect the size of the daughter plant gro 
ing from seed produced by the stunted parent 
For this reason selection can only be effective inasmuch as 
group of organisms, chosen to be the parents of the next genera 
tion, is found to differ genetically from the general run of org^* 
isms in the group in which wc made our choice. In oAcr words, 
genetic variation is the sole basis for effective selection. 

To be effective, selection must set apart a group of organrsnu 
that differ genetically from the average in the group from whi 


wc select them. 

To return to our example; in a breed of poultry, part of the 
variation in size may indc^ be due to inherited factors, m 
respect to which the breed is not pure. In so far as this is true, 
sclccuon may indeed produce a group of smallish birds; in fact, 
when wc find the right means of doing it, wc might produce a 
group in which the birds all had the best posrible combination 
of genes consistent wath sm.-kH size. In the end this would give us 
a smaller breed, wath a smaller average size, but as soon as the 
most favourable combination of the available genes is reached, 
a limit is set to further improvement. 

When we realize that selection have results only 
separates individuals or groups that differ in inheritance, i^^ 
genot^e, it becomes caricr to understand why strmght selection 
sometimes has much snore effect than in other instances. 

In order to produce a certain result by straight selection of a 
group of orga ni s m s, wc must find a way to recognize such in- 
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dividuals. This is much easier in some instances than in others. 
If the difference between the average individuals of a group and 
the few we like is caused by the presence or absence of one or 
two genes that have a striking effect, selection may be very 
effective. Some genes have such an important role in develop- 
ment that their absence causes a very striking difference. If we 
find a few albinos in a group of animals, selection of a small 
group of such aberrant animals mostly produces an albino breed 
at one step. When in a breed of cattle we choose a small herd of 
red ones from among the prevalent blacks, we produce a red 
sub-breed right away. This has been done in Friesland. In some 
groups of animals and birds, the only breeds ever produced are 
breeds that have originated in such a way. The white peacock, 
the dark-golden pheasant, the black and the albino rat are 
examples. 

The first complication, which makes plain selection for in- 
dividual quality less effective, is caused by dominance. It is very 
easy to make a red sub-breed of cattle when a mixture of reds 
and blacks is given; but to produce a pure-breeding race of 
black cattle from such a mixture by plain selection is far less 
easy, for the simple reason that some black ones are pure and 
some are heterozygous; in respect to the one inherited factor 
blacks have more than reds. To make a pure-breeding group of 
blacks, we would have to select a few homozygotes, but as those 
homozygotes do not differ in colour from heterozygotes, plain 
selection according to colour is not as effective as we should like 
it to be. In many black breeds of cattle a considerable propor- 
tion of heterozygotes is always present, and ordinary selection 
for black colour, that is the constant rejection of red calves, has 
not been able to rid the breed of the impurity. 

When in such circumstances we begin selecting, progress may 
be rather rapid, but when a certain limit is reached, progress 
slows down considerably. IVhen in our c-xamplc we started from 
a herd in which the reds were as numerous as the black animals, 
selection of a group consisting of black ones only would give us 
a herd in which the great majority of calves bom would always 
be black; but getting rid of tlie reds entirely is a very difficult 
problem. 

So far we have discussed examples in which the result of the 
action of an inlicritcd developmental factor was striking, mucli 
greater than any cnviroiuncntal influence upon the character: 
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but such insunccs ate reaUy ex«ptions. Most 
domestic animals are influenced both by envir 
inherited factors. Such character ^ stze, be- 

cattle, and egg production m poultry, Ofrta' J ^ ^ 
cause of inherited differences between individuals and g 
environmental influences. . -j-tain 

This produces a very great difficulty selection 

instances be so great as to make the o&ct of s S 

for individual merit very ineffective. Th« is ^ 

example, birds that show great ment may do so mther 
they have an excellent inherited make-up (m spi c ^ 

environment), or because they were very favourably , 

by environmental factors (while of mediocre i^en e q 

If wc want to give an illustration of this _r ^ 

it by representing merit in an individual by the hcig . 
column, part of which is shaded and represents the ene 
environment, and part of which is black and represen 
gcnotypewhich affects the quality. „«.vne 

NVhen both the effect of the environment and 
vary, individual merit, wtuch is due to the sum of both 
ponents, gives no good indication of inherited quahty. 

It may sometimes be possible that the inherited make-up 
all the individuals is alike (Fig. 3) and variation in , 
wholly due to enrironmentid influences. Here selection o 


best individuals has no effect whatever. ^ , , 

One of the best ways to make strmght selection for i^tdi^ u 
quality effective is to keep the conditions under which the m^ 
itividuals live as constant as possible. In Fig. 3 
when the environmental influences arc alike in ail cases, 
final quality gi\es a correct picture of inherited makc-up> 'vi 
the exception that dominance can still complicate things. 0 
brcc^ng practice, however, thU is exceedingly difficult, because 
so many non-inhented influences have much more influence on 
the fin^ result than wc imagine. This makes special methods o 
sdection necessary. 

From the above it is evident that the importance of pkdn 
selection based upon individual merit (phenotype) is not very 
great, except in very special instances or circumstances. . 
the belief animal breeders still have in this system of selection ^ 
certainly due to the influence of Darwin’s views on natural an 
aruficial selection. Before wc kne^v that two fundamentally 
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different sets of causes always influence the final quality of an 
organism, it was universally believed that the qualities of an 
organism influenced the quafity of its germ-cells and so tlie 
quality of its offspring. 

Earlier generations of naturalists believed that under the 
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Flo. 3.— Dia^am showing the difference bcmccn genotype and phenotype as a 
ba^ for sdectu)n. The hei^t of the blade part of eadi column (wmch represents 
an individual) represents the part played by the inherited make>up in the oevelop- 
ment of the tharacter appreuated. Ihe cross>batched part shorn the part played 
by environmental (non>inheritcd) factors. The total height of each column shows 
the quahty. Twelve individuds arc arranged according to their genotype. ^ 
Wheo tra select the four iadividuals that show the ch^acter (phenotype) £a the 
most perfect way, we select according to the line A-B, and the individuals selected 
are No.’s a, 4, 6 and g. When wc select according to the best genotype, for instance 
by means of a progeny test, avc select according to the line C-D, and wc actually 
get the four individuw most valuable for breeding the next generation. 

When we select first accor^g to appearance, this group (2, 4, 6, 9) only contains 
one of the really good breeders. It is smer to select accoroing to genotype from the 
very hrginnmg 


influence of selection-pressure, every breed and every species in 
nature was slowly but surely changing. 

Nowadays geneticists distinguish between variation, the effect 
of genotypic differences, and modification, die result of environ- 
mental influence. We know tliat tiie gross variation tve sec 
when we compare large groups of organisms is always produced 
by environmental modification superimposed upon genetic 
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variabiUty: but a. only tho 

gross variation is very often a very stability in existing 

Another chapter treats of ^causes doubt the 

species and domestic breeds, •pic ^ study the 

effeedveness of stnught selection, and ” ; 1 , J,t„es 

effects of different systems of selection, the . 

that breeds of domestic animals, sS“ 

are relatively very suble umis, upon which 
has very litUe effect. Breeders tend to underrate the 
cnwonmental and overrate the importance o 


^ htet^the changes we sec in our present animal 
which arc accompanied by constant selection, ° 
caused by the selection at all, but by a substitution of o 
for another cither by just plain substitution, or else by 
breeding and grading. When breeders believe pr 
productive dairy cattle have been produced by a pro 
straight selection from the sort of cattle kept in the ^ 
a century ago, they are generally mistaken. Such chang 
usually produced by the repeated use of bulls belonging ^ 
different family with a higher yield, when conditions o 
culture (imported feed and artifidal manures) have xn 


higher-yielding breed more profitable. 

In many instances selection-experiments show very ut 
any, result. Sometimes this negative result is to be cxpec 
^Vhca we found that fifty generations of stnught 
varieties of wheat had been ineffective to change any of the c 
acters stmhed, this was earily understood, as wc knew ^ 
wheat self-fertilization rapidly produces complete pxirity for m 
herited facton, so that here the modifications on which selection 
luui been working were wholly due to non-inherited effects o 
environmental conditions. 

^Yhcn 1 found that in a strain of mice selection for fertihty 
wholly ineffective, I knew that the strain wth which I worked 
had b<xn strictly inbred, brother to aster, for over thirty genera- 
tions, so that genetic differences were probably absent. 

When it was found, however, that ten generations of the strict- 
est selccuon of the best-laying hens, mated to sons of the very 
best layers, had no effect at all, production after the selection 
being just a little bit lower than at the start (State of Maine 
£x pennant Station), result was very striking and nxx' 
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expected. It became very much more so when R. Pearl, con- 
tinuing with the same material, could show that a better system 
of selecdon resulted in marked improvement. 

Many poultry breeders use a system of selection based entirely 
upon incUvidual merit. They mate the son of an excellent hen 
with a group of hens, each of which has been selected wholly 
upon high individual merit. This system has repeatedly been 
shown to be practically worthless. It is almost certain that the 
results would be just as good if no selection at all were at- 
tempted, but if males and females of good health were taken 
at random. 

This primitive system of selection, which was almost universal 
twenty years ago, always results in a complete “reversion” of 
quality in every subsequent generation. The breeder finds that 
in every comparison between mothers and daughters, the quality 
of the daughters is always much below that of the motliers used 
for breeding. Poultry breeders have always taken this reversion 
to indicate the need of a continued process of selecdon, as they 
have thought the catise of the reversion is a tendency for poultry 
to degenerate. If a man finds that the daughters of his 250-egg 
hens average 200 eggs, he is convinced that if he used all those 
daughters, without selecdon, next generadon his hens would 
drop to 150 eggs or thereabout. 

The real situadon, however, does not depend upon reversion 
at ail. The daughters are not really less good than the mothers — 
they probably average just about the same as the mothers. The 
point lies in the inherited quality of the selected group of 
mothers. If the generation of hens to which the mothers belong 
average about 200 eggs, there is no real reason to believe that 
the few hens in that group which laid 250 eggs are different in 
inherited make-up from the rest of that lot. Their genotype is 
probably just the same as that of the 200-egg hens. If such a 
breeder ehooscs those hens as breeders, which lay only 1 75 eggs, 
their daughters will probably lay 200 eggs on the average, just 
as all the daughters of all the other groups of healthy hens 
clioscn. 

Plain selection on tlie basis of individual merit is not a method 
of animal breeding tliat can be generally recommended, unless 
the problem to be solved is one of die most extreme simph'dty 
(monofactorial recesslves, where the faetor has a very great 
Influence). 
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given rise to several working methods, one of which is to use the 
qualities of one parent as an indication of the value of an animal 
whose personal merit cannot be directly detenmned. Poultry 
breeders often use a cockerel because his mother has laid a great 
many eggs; cattle breeders often believe that a bull, whose 
mother is an excellent milker, must be valuable as a sire. 

If we test such methods according to the criterion given 
above, namely, that a method of selection can only be effective 
if it chooses the animals with the most valuable set of inherited 
factors, it is obvious that the quality of a female can never be 
used as a safe guarantee of the correct inherited make-up of her 
son. The quality of the mother in itself is no guarantee of her 
own heredity, and if we add the fact that each animal also has a 
father, of which we can never know just what he contributed to 
his son’s make-up, the method must always remain extremely 
risky. 

The difficulty of judging a male in a breed, where only 
females are kept for economic usefulness, has certainly contri- 
buted to a method of selection which consists of using as indi- 
cators of inherent quahty characters that are thought to be cor- 
related to the ones really sought. A special chapter is devoted to 
this method. As such correlated characters can never give us a 
picture of the inlieritcd make-up of our animals, in so far as con- 
cerns genes that influence economic value, the method is ex- 
tremely speculative and can never be recommended. In so far as 
correlations do not really exist between such secondary marks 
of value and real quality, the methods are apt to lead us astray. 
Where such correlations really exist, the method is superfluous. 

As the aim of selection is the choosing of individuals that have 
the correct set of inherited factors, methods which seek to evalu- 
ate those factors themselves have been developed. In some 
instances it is possible, by means of deliberate test-matings, to 
find the genotype of an animal as far as one or two factors are 
concerned. Test-matings are dealt with in a special chapter. 
Tills is very dangerous ground, for the reason that it is easy 
to pay too much attention to one or two genetic factors one 
happens to know. The von Patow system of attributing genetic 
formulx to bulls and cows, which arc found by examining the 
milk yield and fat content of the milk in dairy cows, is a typical 
aamplc of this method driven to its ultimate conclusion. 
Geneticists, I am glad to say, do not take this seriously. 
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Every animal has its own genetic make-up: it is homozygous 
for a number of genes, heterozygous for others, and it lacks some 
genes that are present in its relatives. For these reasons it will 
breed in a certain way, and have offspring of a certain quality. 

Now it is more important that we should be informed about 
the quality of an animal’s offspring than that we should know 
what genes the animal possesses. Even if we had the means of 
finding out the genotype of the animal in respect to three or five 
important genes, we would know that this knowledge is very 
incomplete, as a dozen or a hundred other genes influence the 
qualities that interest us. For this reason it is much more im- 
portant that we find out in which way an animal breeds than 
how its genotype is in respect to a few genes. 

The safest way of judging the value of an animal as a breeder 
is to defer this judgment until after it has bred, and to judge it 
accordingly. After all, this is the only method of selection that 
does not depend upon speculation or theory. In the special 
chapter on progeny-testing I have gone more deeply into this 
subject, and have tried to prove that wherever we use this 
method, we must use it to the exclusion of more speculative 
tests, such as the selection according to correlative characters. 

In plant breeding, methods of selection have gradually been 
simplified and rationalized, so that many speculative or in- 
effective methods have disappeared completely. In animal 
breeding we are just now passing through a period in which 
breeders arc beginning to realize the importance of genetic 
critique in matters of working methods. Many thoroughly irra- 
tional systems of selection arc still being used by animal 
breeders, and the main object of this book is to help the 
breeders to substitute rational systems of selection for wasteful 
ones. 
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NOTES 


Silccum u pnbaUy the most mporlimt loci cfthl 
Tto Ohopur of Has, doom's mprasm m, as bmigan j 

the subject^ eleaily worded and fatrly put, worthy of f 

Apart dtogeiher from geaetual considerations, its mam conclusions a 

monlestahU Tkis,HagedoomwfoU' .uu„„^medhi 

''Many thoroughly irrational ^sterns of selection are s j^j„,ofthe 
animal bieders .*• Is there anyone hasnng any practicf 
business who could deny that accusalton? The dificiilty is to desig ..j,- 

^sterns that are entirely rational. That difficulty, to rw, seer^ rrmh^^^ 
than the majority of geneticists are prepared to admit. I have hear g 

advocate changing the genotype of a breed to suit economic purposu y 

as though genes were coinage and heredity a till. Actually, the pro 
more complex. 

I agree entirely with Hagedoom when he wrote that' . l are 

"Most of the changes we see tn our present animal breeds, flw tv 
accompanied by constant seUclion, are not really caused by the selec 


all, I 1 1 
That IS a bold statement for anyone, let alone a geneticist, 
am sure it is a true one Take ulecUon for higher miikynelds in dairy cow 
an easily followed example. Hu a simple matter to show that m toery 
where agnculture has become mtensiae, the average milk yield of dairy ca ^ 
has shown a substantial increase wtlhm historical times. Thu increase 
tmlk yield u allnbuted almost vniversally, but nevertheless somewhat im 
cntuaJly, to the influence of selecUoe breeding for higher milk yields over 
same period Tet, u thu really so^ 

As Hagedoom wrote 

"The pTimilive ^stem of selection, which was almost urutersal twenty 
years ago, always results m a complete mersion of quality m every subsequen 
generation.” 

It u difficult to imagine Aoio it could have been otherwise. Until recen y> 
almost universally, and to a large extent even io-dey, selection is based on 
milk yuld of indi vid u al cows which is only slightly heritable, and on con 
ventional judgments of dairy bulls which may have no relation to mdk ywuu 
ickatsoever. 

JfHagtioom'sslaUmenlbe true— as I believe it to beirue—lhatthe"^rl^ 
of stUcUon, which was almost universal twenty years ago” was ineffectvUf 
how cm it be msintavud logically that suck ineffiective rruthods of selection 
to higher miikyulds^ 

hgbn aaragt mlkyitlds cf to-day omparid mti 
thou of , say, a century ago, base resulted from general advances m husbandry, 
both crop and animal, to the better fuding and housing of cows, to advances 
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in veUnnary science leading to more effective control of disease, and that 
selective methods of breeding, whether effective or ineffective, have had very 
much less to do with the matter than is generally supposed. 

I don*t think for a moment that Hagedoom would have gone quite as far 
as that. Being by training a geneticist, it was perhaps inevitable that he 
should stress the importance of the breeding factor in animal production. Tet, 
he was never a mere theoretician. Hence, the unquestionable common sense of one 
of his fnal statements concerning selection. 

^^The safest way of judging the value of an animal as a breeder is to defer 
this judgment until after it has bred, and to judge it accordingly. After all, 
this IS the only method of selection that does not depend upon speculation or 
theory.^' 
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Inheritance of Sex 


1 n all our domestic animals and birds, the sex 
IS approximately equality. Tim observation, coupled wth ett 
of sex-linked inhentance, led to the hypothesis that 
species one of the sexes would be hcterozygotic for 
which the other sex was thought to be homozygodc. \Vhcn 
cytology of the chromosomes developed, it was found that tms 
something is not one gene, but a complete chromomme. 

In some animals, the male sex is hetcrogamctic, and the 
female sex homogametic. This means that in the cells 
males, one chromosome b single, while all the others are doub c, 
whereas in the females all the cells have a complete double sc 
of chromosomes. 

In other anlmab, however, the reverse b true, the female 
being hetcrogamctic. Thb b so in butterflies and in birds, 
whereas in mammals the males are heterogametic. 

Tins means that, in respect to all the genes carried on the un 
prired sex chromosome, the female in birds or the male m 
m a mmal s must necessarily be heterozygous. The other sex, how* 
ever, may be rithcr homozygous or heterozygous. Of course it 
may so happen that animaU of either sex lack the gene 
question altogether. 

Thb situation leads to some remarkable consequences. 
mmt look upon all the specially mati? or female quaUties a* 
primarily caused by a difference between one and two doses 
of gcaa on thb chromosome. 

NVhen we mate a female bird to a male that lacks one of t^ 
genes the female cames on the sex chromosome, half of the ofi^ 
spring ^ W ^ gene, and the othen wiU lack it. As, how- 
ever, the birds into wltich the sex chromosomes enter wu 
50 
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become males, this means that in such circumstances the males 
will show the character of the mother and vice versa. This 
results in criss-cross inheritance, which is sometimes made use of 
when it is important to recognize the sex at birth in organisms 
where this is otherwise difficult. 

The first cases of this criss-cross inheritance studied were those 
in which the phenomenon was used commercially. Around 
the town of Assendelfl in Holland, in Egypt according to Mr. 
Doorenbos, and in the Belgian Kempen, poultry farmers used 
to mate female silver hens to golden cocks, and they would get 
yellow chicks (all females) which they raised for egg laying, 
and white chicks (males) which were killed at birth. Sometimes 
the cockerels were not killed, and in the Halles in Paris large 
numbers of flat boxes of baby chicks used to be offered for sale, 
imported from Belgium, every chick later proving to be a male. 

When around 1905, I gathered data about the breeding of 
Assendelvers, 1 found the following data; 

Partnlt Progm^f 

Golden male, silver female — Golden females, silver males 
Golden male, golden female — Golden females, golden males 
Silver male, silver female — Golden females, silver females, silver 

Silver znalcj golden female — Golden females, golden males, silver 
females, silver males 

In England especially, the production of so-called sex-linked 
clucks, produced as hybrids between different breeds, has be- 
come quite an industry, under the guidance of Professor Pun- 
nett. The most usual cross is that betsveen Rhode Island Red 
males and Light Sussex females, which cross gives silver males 
and golden females. 

In working with the “barring” factor, Punnett and Pease 
discovered that this factor, which is also carried in the sex 
cliromosome, has such an influence upon brown-downed chicks 
that the sexes of pure-bred' chicks can be distinguished, as in 
such a breed the homozygotes (males) can be distinguished 
from the heterozygotes (females). They produced the “Cam- 
bar” by breeding this barring factor into a strain of Brown 
Campincs. 

As, however, this breed has very little commercial value, it 
was necessary to do tire same thing for commercially valuable 
brown-downed breeds. By crossing the Brown Leghorn and the 
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Brown Bainevelder each wiUi a breed containing the htming 
factrand often repeated back-crostes, I have succeeded m 
making an autosexing Bamevelder. 
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Fig. 7.— Pedigree of the Auioierung Uemeveldeis Squarei eland for 
orcles for f ctn alet. The birds of ihc present gcncr&Uon have one *30ii*Barncvei^^ 
ancestor^ eleven generations ago, from vshich the “bamne” gene has been den'«^ 
White figures denote birds homozygous for the barring factor (AA), 
figiTO stand for heterozygotes (xVa or Ao), and black fi^a denote 
birds. After six back^ostes a few homozygous (AA) males were 
mating hetcrozygotes inUr u, after which the breed was practically pure. A further 
introduction of pure Bamevelder females was made m 1936. 

The autosexing Bamevelder was made by breeding birds con* 
taining the barring factor eight times back to pure Bamevelder. 
The males in this breed nre barred, with red in the vdngbovwl 
Uie females are almost as brown as ordinary Bamevelders. The 
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chiclss are bom in two colours, whitish males and brown 
females. 

During the second world war we finished making the auto- 
se-xing Rhode Island Reds. In this breed the cockerels are bom 
white and the pullets buff. In the adult birds the males are red 
and white barred, the females are very little different from 
ordinary Rhode Island Reds. 

In this breed, therefore, barring is recessive, whereas in the 
autosexing Barnevelder it is intermediate, and in such breeds as 
the Barred Rocks barring is a dominant character. 

I am firmly of the opinion that in future the autosexing 
breeds rvill be of great economic importance, as many poultry- 
men prefer to keep just one breed, and still want to have the 
possibility of quickly distinguishing between the sexes of the 
newly-hatched chicks. The so-called “sexing” of baby chicks by 
experts, examining the vent, which is quite easy in ducklings, 
takes time; the breeding of autosexing breeds saves an enormous 
amount of time to the hatcherymen. 


NOTES 

This chapUr, although such a short one, is of particular interest from 
several points of view. 

The mechanism of sex inheritance, with an exact agreement between the 
results of breeding experiments and tytological observation provides one of the 
strongest supports to Mendelian theory. 

Perhaps just because of this, geneticists are inclined to exaggerate its im^ 
portance in animal husbandry. Its main application has been to sex-linkage in 
poultry with a view to accurate sex determination of day-old chicks. In this 
case, as in many other animal husbandry techniques, practice preceded theory. 
Poultry breeders were sexing day-old chicks on the basis of down plumage 
before the Mendelian explanation of the mechanism was ever propounded. 
Hagcdoom cites seieral such interesting instances. 

The establishment of auto-sexing poultry breeds — the Cambar of Punnett 
and Pease at Cambridge was the earliest example — while an interesting appli- 
cation of genetic theory, is of relatiiely minor economic signifcance since the 
auto-sexing breeds neier seem to have attained any substantial degree of 
comsrurcial importance. 

In any case, the very different Japanese technique of vent examination has 
rendered sex differentiation by down plumage less essential. llagedoorrPs en- 
thusiasm for auto-sexing breeds is one which hardly appears to be shared by 
the iraluitiy. 
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Chapter Eight 


Domestication 


\/V hen wc remember that our present domestic 
animals and cultivated plants are not fit to live without 
protccdoD, we are forc^ to the conclusion that our dom 
animals are descended Crom wild species. When we notice 
great similarity that eidsu between certain domwtic am 
and certain wild species, between the ferret and the nten, • 
tween the alpaca and the vicuna, the dog and the wou, 
becomes evident that man has domesticated vdld amm^ 
make lus present domestic stock. How do we have to picture 
this process? 

^Vhcn wc did not know as much as we know at present abou 
the causes of variation, it seemed quite simple to assume that a 
continued process of breeding animals in captivity will make 
domestic ammab out of them. Wc kno^v that in many specif 
young individuals, caught at an age before they have acquire 
their fear of man, grow up quite fearless and tame, and it souncu 
reasonable when wc assume that the young of such tame 
animals will again be tame, so that by a repeated process o 
selection during many generations an oripnally wild species 
will be transformed into a domestic animal. 

This plausible explanation, however, is not very likely to be 
the true one. The evidence of the zoological gardens, where 
many wild animals arc bied in captivity, does not support it. 

wc raise a young animal belonging to a wild species in 
captivity and in close contact with human beings, it may be- 
come absolutely tame; but this docs not mean that its young* 
bom in captivity, will likewise be tame. There is considerable 
evidence, that for deer and foxes raised in captivity, this docs 
not hold true. ^Vhcn wc want to breed deer in captivity, in order 
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to sell tame specimens, we must take away all fawns at birth and 
raise them on the bottle, for the fawns left with the mother will 
be wild, even when this mother is quite tame. Tame foxes in 
cages ^vill warn their cubs so often and so emphatically every 
time they dare approach the caretaker, of whom the tame 
parents may have no fear whatever, that they become perfectly 
wild at an age of about four weeks. The only way to make these 
cubs grow up friendly is to take them away at two or three 
weeks and raise them by hand. 

In regard to our present subject, animals can be divided into 
tameable and untameable species. In tameable animals, such as 
foxes and wolves, most carnivora, all the ruminants and swine, 
there seems to be no genotypic difference beUveen domestic 
breeds and wild animals in tameability. In those species, young 
animals taken in hand early enough become tame, but even 
when the adults lose their contact with man, they are apt to 
become quite wild. Your pet horse may, when he gets in touch 
with a troop of wild poiues, be as wild as the rest in a few hours, 
and when you succeed in catching him again he will be as docile 
as before. In such species suitable methods of breaking and 
taming will make a tame animal out of a wild one in a very short 
time. In all these animals no inherited difference in tameability 
exists between wild ones and domestic ones; the fact that even 
the wild-bom animals have a constitution which makes them 
tractable when suitably handled made it unnecessary to select 
for tameness during the process of domestication. 

Some groups of animals, however, are untameable. Most 
rodents are in tliis class. \Vc have considerable experience witli 
rats and mice, and we have tried repeatedly to tame specimens 
of the black rat, or the small Oriental rat (d/tis concolor), by 
giving them to tame rats to foster and handling them repeatedly, 
but all to no effect. Wild rabbits, even when fostered by tame 
docs, arc wild from the very beginning, and stay tvild. In these 
rodents the domestic breeds differ from the tvild related species 
in their inherited make-up, so that they are readily tameable. 
Domestic rabbits, rats and guinea-pigs are tame from birth, 
and remain tameable, even if they arc raised without contact 
with man during several generations. 

It would seem, therefore, that the breeding of wild species in 
captivity during a number of generations would not make 
domestic animals out of them. Under the influence of Lamarck, 
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G^ffroy St. Hilaire iu Paris founded *= 
tion in Paris in the middle of lost century. P 

produce numerous useful new domestic j„n,atication 

plants by breeding suitable wild speacs un ^ncemed, 

for a number of generations. As far as animals 
this object has been completely defated, and no 
been added to the lUt os the result of these 
We now know why tins ei^cnmcnt .'™ 

Domestic animals differ from wild speciM m *“‘'8 ^a^terial 
their inherited consutution, so that we have to hay 
which varies in genotype before we can change it By 
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real domestic animals that were produced by cross-breeding and 
subsequent selection. 

Now, it is perfectly possible for anyone working in a zoological 
garden to hybridize some wild species, and then, by a process of 
selection between the ammals of the second and subsequent 
generations, to produce domestic animals from the lot. When, 
however, we thiiik of the production of our present domestic ani- 
mals by our human ancestors, it becomes evident that the pro- 
duction of domestic animals from the hybrids between several 
species, in themselves untameable, was out of the question. 

When we review the present groups of domestic animals, 
we see the significant fact that in every group there exist 
wild related species that have a genotype that makes them 
tameable. 

We will have to picture the process of the origin of domestic 
animals in some such way as tliis: A number of young animals 
of a tameable species are kept as pets and bred in captivity. 
Cross-breeding with a related species makes the group variable, 
and unconscious selection of the groups that are most useful 
or that show the most pleasing or striking new characters 
produces the novel domestic anim.'il group. 

Our common wild mallard {Anas boschas) is perfectly tameable. 
It is being bred in captivity and semi-captivity in different 
places, and the hybrids this duck produces when crossed with 
the pintail and other related species are perfectly fertile, so that 
we can easily imagine how, as a result of selection after species- 
crossing, our domestic ducks have originated. 

The position with regard to domestic poultry is slightly differ- 
ent. Darwin, arguing from anatomic resemblances, thought tliat 
the red jungle-fowl {Callus fcrru^iTUUs) must be the common 
ancestor of all our breeds of domestic poultry. There is, however, 
a very great difficulty here. From personal experience I know 
this species of jungle-fowl to have a disposition which makes it 
almost impossible to consider it asthcanccstortobedomcsticatcd 
first. Chicks of tliis species, even when hatched and reared by 
common tame hens, are exceedingly wild, and they will not 
stay around tlie house like domestic chicks. The only wild 
species of fowl that is tameable is Callus Soenaatti, the chicks of 
whicli can be given as much liberty as tame cluckens and they 
do not stmy away. For this reason it is likely that individuals of 
this species were the first ones to be taken into cultivation. When 
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. group of tame Wo«i fowU have been taken into 

where Gulto mhar or GeHur/ermj.^ 0“ rfte Smom 

becnprodueedwUchwererespo.n.Hefor eno™ 

variability that has given nse to all the dineren 

‘'“SriX“Se take great interest in fancy poultry; 

burners in Java used to take a few hens of domeshc pod^ 
Up into the mountains in the hope of brcc Jng 

them with G. ruriur males. Hybnds betsveen^e 
species of jungle-fowls named are suffiaently fertile to m^e it 
possible that a very variable second and third generation 

^‘■^tS.h" lul U a ve^ curious one, The wUd ra^t 
is not tameable, but the hare is, and the 

and rabbit arc perfccUy tameable. Thehistory of breedmgoi 
tame rabbiu in France traces ba^ to the producuon ot leponus. 
Hybrids between hare and rabbit arc perfectly ferule, ano » 
is clear that \vc must think of this cross as the origin o 


domesde breeds of rabbits. . * all 

In swine we have the same story, with the exception t^ 

the wildspccicsofswinclhappentoknowaretamcable. u-ro 

brccchng between European and Asiatic species may have pro 
duced the variability that made the production of domes 
swine possible. 

In cattle we have the difficulty that wild species closely re 
laicd to our domestic breeds arc not now to be found 
It is probable that they have disappeared by being absoro 
into ffie herds of domestic animals, in the same way in wm 
the small herds of wild caribou now living in Alaska are being 
absorbed into the vast herds of tame reindeer that have been 
introduced in recent times into that country. It has been 
that spccics-crosscs between our present domestic cattle and the 
baaleng and some of the other Oriental species, arc perfectly 
fertile, so that wc arc fully justified in assuming species-crossing 
as a source of the great variation we notice in domestic caltl^ 
Yak X cattle and bison X cattle hybrids arc fertile in the 
female sex only. 

Tile facts regarding the horse and the donkey arc very re- 
markable. Once in a while is produced a female mule that u 
fertile, and then the marc is fertile both with the stallion and 
witii live donkey Jack. In America the “blood” of the donkey 
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has in this way been introduced into some breeds of horses, and 
reversely, horse “blood” has been introduced into the Jack- 
stock. It is evident that the enormous mule-like donkeys of 
Northern Spain may carry a considerable proportion of horse- 
genes. 

The ferret has long been considered to be a domesticated 
fitch (polecat). It is true that the skull of the present ferret 
closely resembles that of the fitch, but this resemblance may 
have been due to cross-breeding with the fitch after the ferret 
was established as a domestic breed. From experience with the 
cage-bred fitch it seems to me almost impossible to believe that 
anybody would ever have thought of domesticating t h is animal. 
Even quite tame fitches are so quick and bold and snappy that 
the idea of going ferreting with a fitch sounds like going hunt- 
ing with a pet tiger. It is probable that the original ferret was 
a domesticated Siberian fitch, a species that can readily be 
tamed and has a much quieter and more amiable disposition 
than our local black fitch. 

There are a few domestic animals that are probably of mono- 
phyletic origin, namely the peacock and the guinea-lbwl. The 
tame pea-fowl differ in nothing but in colour from their wild 
relatives, and it is possible that the present white and black 
shoulder and pied varieties have originated through loss-muta- 
tion, the loss of one gene in eacli instance. 

The evidence of our otvn experiments with rats suggests that 
it would not be at all difficult to make real domestic animals 
from wild spedcs provided we could find sets of two or three 
species that would produce fertile hybrids. The ideal of the 
Sodite d’Accliraatation could now be attained. 

Our present domestic animals, however, fulfil a multitude of 
purposes, so that the number of novel, useful, domestic animals 
would be restricted to those categories of animals that nowadays 
are utilized as wild animals. Two groups of animals are now 
bring utilized after being caught svild, a group of animals used 
as game, and a group of fur-bearing animals. 

Among the fur-bearers, the only real domestic animal is the 
silver fox. Sometimes local sub-spcdcs such as the Canadian 
and the lUastan silver foxes have been crossed, and from the 
resulting hybrids and their ollspring have been bred strains of 
foxes that combine certain valuable characteristics, such as good 
quality of fur with good fertility in the cage. 
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reroup of tame Scm^alU fovvls have been tnk® mto 
Wtee Goli^r v.rm or Geito/mug-nm 

been produced which were respomible for „t 

“Uihty that has given nse to aU the different breeds 

"“SSl^lc tahe great mterest in fancy poultry. char»^ 
humen m^a used tftaLe a few hem of dom^uc 
up mto the mouutains ui the hope of brcctog ,i,..'^^ee 
l£m diem widi G runar males 

species of jungle fowls named are suffieienUy ferule " 

^ssihle that a very vanable second and third gcncrauon 

“’STSth^embtisaverycunousone Th=;^d^ 

IS not umeablc, hut the hare is, and the hybnch 
and rabbit are perfectly tameable The history , ®js 

tame rabbits m France traces back to the producUon of le^n“ 
Hybnds between hare and rabbit arc perfectly ferule, an 
u clear that wc must Uuok of this cross as the ongtn o 
domestic breeds of rabbits , « 

In swme we have the same story, with the exception 
the wild spcacs of swine I happen to know are tameable, 
breeding between European and Asiatic speaes may P 
duced the variability that made the production of domes 
swine possible. . 

In cattle wc have the difficulty that wild species close y r 
latcd to our domestic breeds arc not now to be found ^ 

U is probable that they have disappeared by bang absor 
into the herds of domestic animals, in the same way in 
the small herds of >vild canbou now hvmg m Alaska arc 
absorbed into the vast herds of tame remdeer that have been 
introduced in recent times into that country It has been 
that spccics-crosscs between our present domestic cattle and tn 
banlcng and some of the other Oncntal species, are perfectly 
fertile, so that we arc fully justified in assummg spcaes-crossing 
as a source of the great vanation wc notice m domesoc cattl^ 
Yak X caiUc and bison x cattle hybnds are fertile m the 
female sex only 

The facts regarding the horse and the donkey arc very re- 
markable. Once m a while is produced a female mule that w 
fertile, and then the mare is fertile both with the stallion and 
vbith ihc donkey Jack. In Amcnca the * blood” of the donkey 
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has in this way been introduced into some breeds of horses, and 
reversely, horse “blood” has been introduced into the Jack- 
stock. It is evident that the enormous mule-like donkeys of 
Northern Spain may carry a considerable proportion of horse- 
genes. 

The ferret has long been considered to be a domesticated 
fitch (polecat). It is true that the skull of the present ferret 
closely resembles that of the fitch, but this resemblance may 
have been due to cross-breeding with the fitch after the ferret 
was established as a domestic breed. From experience svith the 
cage-bred fitch it seems to me almost impossible to believe that 
anybody would ever have thought of domesticating this animal. 
Even quite tame fitches are so quick and bold and snappy that 
the idea of going ferreting with a fitch sounds like going hunt- 
ing with a pet tiger. It is probable that the original ferret was 
a domesticated Siberian fitch, a species that can readily be 
tamed and has a much quieter and more amiable disposition 
than our local black fitch. 

There are a few domestic animals that are probably of mono- 
phyledc origin, namely the peacock and the guinea-fowl. The 
tame pea-fowl <ftffer in nothing but in colour from their wild 
relatives, and it is possible that the present white and black 
shoulder and pied varieties have originated through loss-muta- 
tion, the loss of one gene in each instance. 

The evidence of our orvn experiments with rats suggests that 
it would not be at all difficult to make real domestic animals 
from tvild spedes provided we could find sets of two or three 
species that would produce fertile hybrids. The ideal of the 
Sodete d’Acclimatation could now be attained. 

Our present domestic anirtuils, however, fulfil a multitude of 
purposes, so that the number of novel, useful, domestic animals 
would be restricted to those categories of animals that nowadays 
arc utilized as vvild animals. Two groups of animals arc now 
bang utilized after bang caught wild, a group of animals used 
as game, and a group of fur-bearing animals. 

Among tlic fur-bearers, the only real domestic animal is the 
silver fox. Sometimes local sub-spedes such as the Canadian 
and the rUaskan silver foxes have been crossed, and from the 
resulting hybrids and their offspring have been bred strains of 
foxes tliat combine certain valuable characteristics, such as good 
quality of fur with good fertility in the cage. 
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It would be perfecUy feasible to 
quaUty of the fiteh tvith the ferOitty and 
Lcristics, such as low food requirements, of the 
It might be worth while to produce some ne 
animals in the group of an^ now “ f 

introducUon of genes of the domestic rabbit m 
easily mate it possible to breed a strain of bar 
pro^ibly raised m hutches, and the same is true of some ot tne 

more valuable gamebirds. u 4 raaes 

Two new laboratory ammah are now being bred m wg , 
the Synan hamster and the Mexican 

those species has it been possible to change the her W 
make-up. They arc wild animals bred in captivity, and ^ 
domestic ammals. The fact that in the case of the hamster 
the stocks have been bred from a very fciv captured a 
makes it probable that not sufficient hereditary vanation 
exist in the cage-bred material. Cross-breeding Nvith m 
local species may be necessary before we succeed in making 
domestic ammals of this material. . , 

Subspecies crosses m cotton-rats seem possible and mignt p 
us tameable strains as in house rats. In the I950’*> ^ 
hamsters were bom. 
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accepted as being the ancestor of a domestic species even though all other 
evidence points to the contrary^ To me that seems false reasonings indeed^ 
argument in a circle^ 

It also seems to me that Hagedoom over^stresses the importance of a poly^ 
genetic origin — i.e. descent from more than one species of wild animal — to 
explain the variability of domestic animals. He suggested apolygenetic origin 
of the domestic fowl as the explanation of its extreme variability, Tet the 
variability of the domestic dog is equally great although a monophyletic descent 
from one wild specieSf namely the wolf, is generally agreed. Perhaps it might 
be justifiable to suggest, as Darwin suggested, that domestication in itself in- 
duces variability even though the suggestion might be difficult to incorporate in 
present genetic tkeojy. 
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Adaptation 


an lives in symbiosis with his domestic ani 
mals and his cultivated plants. This means that the 
one of mutual interdependence. Man cotdd not live witho 
animals and his plants; practically everything we cat, 
almost everything we wear, is the product of cultivaoon. 

Only in localidcs where very few men lead a scatterc 
precarious existence is it possible for them to exist without 
own culUvated animals and plants, by eating and wcanng w 
they can gather directly from nature. ^ 

In some instances the symbiosis-groups comprise only very 
few oiganisms. The Eskimo can exist tvith nothing but a og^ 
he lives in a region where animal life is plentiful and where ma 
is scarce, and just a team of dogs to help him in his wanderm^ 
and in his hunts is enough for him. The Lapps only possess their 
rdndeer and a dog to help them to drive these. . 

Generally, however, the symbiosis-groups are very comp 
cated, and comprise both a number of animal species and a 
number of Afferent cultivated plants. The relations between all 
these groups can be very complicated, but in general we 
that the cultivated plants produce more material, more seed, 
more tubers, as the case may be, than is necessary for the pW' 
pagation of the species. Man harvests and saves some of the 
material for the next generation, and utilizes the surplus. Some 
of this surplus is eaten and employed directly by man, while 
some is used to feed his domestic animals. As these domestic 
animals imdcr man’s care also produce more young and mom 
eggs or more milk than is necessary for the reproduction of their 
breed, man can utilize this surplus also for raiment or food. 

Further, most of the domestic animals and cultivated plants 
62 
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could not exist without man’s care. They are dependent upon 
man’s protection, and for this reason the relationship is one of 
mutual benefit, a true symbiosis. What is the nature of domestic 
animals and cultivated plants? We are not simply dealing with 
wild animals that have been bred in captivity, nor with wild 
species of plants that have been grotvn by man. 

Many different definitions of the term “domestic animal” 
have been given, but few of them are satisfactory. We cannot 
say that domestic animals are different from wild animals in 
that they are tame, for there exist domestic animals that are not 
any tamer than their wild-living relatives. It is not true that 
domestic animals are especially tameable, for such essentially 
wild animals as the elephant and the wild boar have a disposi- 
tion that makes them completely tame in suitable circumstances. 

There is only one definition that fits all domestic animals, and 
it is the same that fits all cultivated plants. The races of culti- 
vated organisms, namely, are fitted to live in symbiosis with 
mankind. They differ from related wild species and from the 
wild species from which they are descended in their inherited 
make-up, in some way which makes them useful to man, and 
sometimes also dependent upon man. 

A few examples will suffice to demonstrate the correctness of 
this definition. Such animals as the ferret, the white rat, the 
white domesticated paddybird, differ from their wild relatives, 
from the fitch, the brown rat and the wild paddybird, in that 
their food requirements are more easily satisfied. The tvild 
animals have food requirements, and especially vitamin require- 
ments, which make it almost impossible to keep them in good 
health in captivity, and to make them reproduce in cages. 
Ferrets svill reproduce on a diet consisting mainly of bread and 
milk, whereas tlie fitch would starve in a week on this diet. 

The tame rabbit differs from its wild relative in the fact tliat 
young domestic rabbits are easily tameable, whereas young of 
the wild species arc practically untameable. Among the many 
differentadaptationsofthedog to a life in symbiosis with man we 
find the very curious adaptation to mating dogs under human 
control, namely, a visible sign of a state of “heat” in females 
whidi is not present in the wolf or the fox, but wliich is equally 
possessed by anotlier domestic canuvorc, tlic ferret. 

Whereas some of the domestic atumals can be fed more 
clteaply than their svild relatives, some other domestic animals 
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arc specially adapted to a very rich diet. Some 
higUy-bred breeds of nulk cattle ‘ 

ability to consume great quaouties of rich foo j. 

it into rmlk, or meat, or power. The egg f 

modem ducks and cHckens is a very good example o 

'Tn ^instances the adaptation of the br.^ to h^^ 
is of a qmtc different kind. Some brectb of ‘1°”“*''= 
differ Horn tbeb svdd relatives m psychic qualities, . y 
particularly useful. This is especiaUy so m many different 
specialized breeds of dogs-himting dogs, watchdogs, b^g 
dogs. Docility, tractabihty are very common traits m do 
animals, and make it possible to herd them and continc 
withm relatively simple fences. _ 

In plants we sec the same thing as in animals; a 
plants differ from their wild relatives m some way that m 
them more useful to maokiad^ and at the same time f. 
upon his care. One need only pomt out a few examplcso » 
the high yield and tough axis of wheat, the increased n r 
production and non-dchiscent capsule in flax, etc. ^ 

The animals and plants, and the human race breeding ’ 
belong together in one symbions-group, adapted to the country 
and cUmatic conditions. It would not be possible to cxch^gc 
members of one group for those of another group vdthout is- 
turbing the equihbrium. 

The Hopis and Zunb of Anzona in the desert have one 
domestic animal and they have a special kind of maize, an 
both arc specially adapted to life in the desert. The maize can 
be planted at a great depth in hills containing a number o 
plants, with considerable distances between hills. The sheep arc 
very small and hardy, adapted to desert conditions by 
extremely small size. One sheep w cighing a hundred poun^ has 
only one head and one set of legs; two sheep, weighing a 
hundred pounds together, have tivo heads and two sets of lcS*» 
so that they can be in two different places to hunt the scai^ 
herbs, and for this reason m conditions where the sheep of nf^ 
pounds can just live, a hundred-pound sheep must necessarily 
starve. 

It would not help the Hopis if “good” breeding-stock oj 
bigger sue were sent to Arizona and New Mexira to “improve 
the local Indian sheep. Those three oiganisms, the sheep, the 
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drought-resistant maize and the Indian agriculturists belong 
toge&er in their symbiosis-group in the desert. 

It is very necessary to remember that domestic animals and 
cultivated plants must be adapted to the speeial climate and the 
special condition under which they are to be utilized. Great 
mistakes have been made when some arbitrary measure of value 
has been adopted to judge the value of animal or plant species. 
In animal breeding, the system of exhibiting livestock at agri- 
cultural shows, away from any means of judging their adapta- 
bility to special conditions of use, has done quite a lot of harm. 

A very good example is that of the large Swiss goats in 
Holland and Germany. Both in Holland and in Germany 
practieally all the goats are kept by very small farmers and 
labourers. The goats are small and they give very little milk, 
but they have the advantage of requiring only the coarsest 
feed — potato peelings, coarse hay cut along the roads, etc. 
The young females are bred the first autumn. Both in Holland 
and in some parts of Germany Swiss goats from the Saanen 
and Toggenburg districts were imported. Those goats give 
six and more quarts of milk daily, but they require the best 
of care, excellent hay and grain, and very good pasture in 
summer. Goats of this kind were used e.xtensively to “amelior- 
ate” the native labourers’ goats. Very soon it was noticed that 
many people could not afford to keep those goats, especially as 
the females had to be kept for almost two years before ^ey 
produced any milk; and as the goats were kept by the very 
poorest people, who could not afford to spend any money on 
feed for the goat, the result was a complete failure of the experi- 
ment. In one set of two villages in Germany the grading to Swiss 
goats was tried in village “D”, whereas in village “R” no 
attempt at “improvement” was tried. The result was that, 
whereas in village “R” all the small labourers kept goats, in 
village “D” only the innkeeper, the preacher and the teadrer 
kept goau, and the labourers and farmers had given them up as 
impossible. 

\Vhen judged at a goat-show tire large, well-shaped Swiss 
animals appeared to be vastly superior to the small labourers’ 
goats, but in reality the small goats were vastly superior for the 
special purpose for wliicli they were kept. 

It is very difficult sometimes rightly to appraise the value of 
a breed of domestic .-mimals. At first sight a breed of poultry, in 
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which the hens lay 200 eggs yearly, is vastly ^ 

inwHchthehemlay 50. andyet*e cheapest eg^^eprcbably 

produced by such hens as the native poultry in 
where everybody keeps only a few hens, and no y 

ofdvine them any food at all! jr,rst.v 1 

At th! other end of the scale we see bree^ that 
to very Ugh levels of nutrition, such as the • 

Holstdn-Friesian cattle. Such animals are adapted to cou 
where the pasture is of a very superior quality, and whKe p 
of rich hay and good beets and feed-grain are produced. In 
provinces those cattle are vasdy superior to such ani^ls 
Kerry or the Normandy bree^, which arc adapted to s , 

rather poor farms. u u kg of 

When fanning conditions are improved, when by the 
artifidal manures, the pastures produce better grass . 

of it, and when all sorts of good feeding-stufis are pro 
cheaply, it may become necc^ary to change from one 
of cattle to the other. \Sc have seen this happen in the ertrem 
east of Holland, where wet marshy heather was draii^ 
manured and transformed into such good pasture that the o 
breed of small red*and>white cattle could be changed mto c 
Fncsian breed by repeated back-crossings. 


{Set Kotes at md oj Chapltr Ttn) 
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hen a geneticist, interested in applied genetics, 
travels, he finds that wherever he goes, in every species of 
domestic animals or cultivated plants, a distinction can be 
made betrveen breeds to the selection of which much attention 
is given, and other breeds that just happen to exist without any 
special attention. 

It happens that I have travelled somewhat, and have always 
made a point of trying to find out something about native 
breeds of animals and plants in the countries in which I have 
lived. 1 have come to the conclusion that tire prevalent idea, 
that the highly-bred, pedigree breeds are generally superior to 
the unseiccted native breeds, is wrong. A superficial examina- 
tion of the qualities of the different breeds generally shows the 
striking superiority of the highly-bred strains: but the more we 
look into the subject the more the picture changes. 

One of the chief difficulties always lies in tire circumstance 
tliat our standard of what constitutes superiority in a domestic 
animal is very often warped by the influence of the animal 
shows. VVlien we compare the Javanese cow with a European 
large cow of the same age, basing our comparison exclusively 
on the obvious qualities of tire trvo individuals before us, we 
must pronounce the European cow superior. When we put 
one of the miniature scraggy Hopi Indian sheep side by side 
witli a lincoln, there is no doubt about tire fact tliat the Lincoln 
is wortli more money. A Shire horse is certainly worth more 
than a Welsh or a Shetland pony, and it is excusable if from this 
fact we deem tlie Shire superior as a horse. 

This way of comparing different breeds of animals or plants, 
however, is very superficial. We should never forget tliat in 
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dcdding which of two breeds of animals is the better 0“^"'' 
Lt 4 the quesdon. for svhat circun^.trmcm 
required. We should not compare one individual ° 
iSh one individual of a second breed; *= 1 com- 

ity in a breed of animals is the way in which d to the ^ ^ 

stances in which it must live. We can also say tha a 

superior which Hts best into a ceruin sy^to^group, o 
given system of agriculture confldered as a whole. Or vve^y 
say that that breed is superior when, considered as > 

produces the nuudmum monetary gain for its owners gi 


arcumstanccs. .. e j. 

One of the differences between breeds ^vhlch strike ^ 

size. It is evident that when wc compare a small ."^1 g 

large one, the large individual is ^vo^th more money, 
horse can do more work than a small one; there is roore 
in a large ox than in a small one. Clearly, however, this ^ ^ ^ 
shallow way of measuring superiority. If we have a &nn 
certain size, this farm can cany more small sheep than ^ 
ones. It is clear that the annua! production of mutton from 
farm may be the same, measured in tons, whether a great m j 
small ones arc raised or somewhat fewer large ones. _ 

NVhy is it that animal breeders are more apt to think size 
individual ammals is valuable in itself than plant breeders are 
think the production per individual plants counts? U" we oo ^ 
into tlus quesdon, wc remember that some time ago p 
breeders made the same mistake. For many years quahty 
sccd«raaizc was thought to be correlated with size and s ap 
of cars. At special com-sbows, prizes were given for beau 
fully-formed, well-£lled, large cars of msuze. Most of us bav 
almost forgotten that there has been a time when fanned 
beUeved large cars of maize were better than sma l l ones, an 
that enormous dze in mangolds was thought to be a sigu ® 
superiority. 

Every plant breeder and every farmer now knows that lu 
agricultural plants the quality to look for is yield per acre, no 
yield per plant. In buying sugar, a pound of small lumps U 
considered just as good a purchase as a potmd of large lumps a 
the same price, even if one large lump is worth more than one 
small piece. 

NViih animals the difficulty is that at the shows one animal U 
compared with one other ammal, vrith the rare exceptions ot 
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ton-litters of pigs or carloads of steers at some American shows. 
Obviously an imposing animal looks ever so much better at a 
show than a small one. In judging domestic animals, one should 
never compare one cow tvith one cowj what one should com- 
pare is two lots of cows that both lit a five-acre pasture. If a 
certain farm is just large enough to support ten cows of a small 
breed, it is obvious that although those ten cows are worth less 
in the market than ten much larger cows, ten of those large cows 
would be too much for the farm, and for this reason the yield of 
the ten small cows should be compared with that of six or seven 
of the large ones. 

In certain circumstances size is very important, namely, 
where animals are for use on very poor pasture. This is clearly 
illustrated by sheep on the moors or in the desert. The heather 
sheep of Western Europe are very small. When we consider two 
of those animals, each weighing fifty pounds, those two animals, 
like the sheep of the Hopis, have two sets of legs and a head 
each; they can be in two spots at the same time to gather the 
scanty etfible herbs. If we put a sheep weighing a hundred 
pounds in a herd of Heidschnucken, this animal needs approxi- 
mately as much food as the two fifty-pound ones together; but 
as it has only one set of legs and one head, it can only be in one 
spot at a time. For this reason, if the pasture is just good enough 
to keep the small sheep, the large one starves. In the desert in 
New Mexico I have seen herds of small sheep grazing in spots 
that looked as if they would not support a grasshopper. In such 
circumstances, small size is an important quality. 

Where conditions of agriculture arc very favourable, a quick 
turnover is important. Rapid maturity is very desirable in 
animals that are kept at a high level of agriculture; but this does 
not mean that rapid maturity in itself is desirable in all circum- 
stances. 

Some domestic animals have to live in countries where the 
food is abundant at certain seasons, and scanty at others. Under 
such conditions rapidly-maturing horses or cattle are at a great 
disadvantage, for when the period of starvadon arrives, young 
animals of such breeds arc stunted. Their skeleton matures, and, 
when another period of plenty arrives, they can never pick up 
again, but become short and stunted, and remain so. This is 
illustrated by young cattle of excellent strains that have to grow 
up in such countries as East Africa. It is almost unbelievable 
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that such beash. are closely related to the beautiful cattle of 

Holland and Northern Gemumy. Afnca lava 

Now the nattve catUe in such countries as 
and parts of Bengal, are very slow m maturing. ^ 

a period of comparative starvauon stops *eir P 

pe^enUy. At the neat season “f *e 

firing where they have left off. On ted “ 

red Afriiaander catUe grow up slowly into ns 

large animals, while European catde under siinilM condi 
of pasture grow up stunted and ,„,ring. 

The nadve Javanese cattle arc extremely slow in ma 
Most of the cows produce their first calf at an age 
yean. On the other hand, such cows, when once they 
grown, have never had any food but what they have 
to pick up for themselves in this over-populated ^ 

hide dykes between paddyficlds, in the woods, ' 

Such catde are not worth very much money as mdiviau > 
whatever they are worth is dean gain — they ..ajle 

thdr owner a penny. The circumstance that this breed o 
ousts in Java makes it possible for the very poor « 

to get his fields ploughed on time, and he even has a call 


once in a while, . i jj 

This u nnimal husbandry at a very low level, but this lev 
the one to which the animal breeds must adapt thems v • 
When I worked in Java there was quite a lot of propagan 
behalf of a larger, quickcr-matunng British-Indian breed ^ 
as Ongolc and Hissar. It was proved very rapidly 
ani m a l s could not live in the condidons under , 

pure Javanese catde could eaust in the densely-popula^ 
tricts. As a remedy it v«is urged that the nadves should p 
food grasses on theu* fields instead of the usual second 
(maize, soyabeans, peanuts) groivn between rice crops, and c 
experiment stadons and private European breeders show 
that, with this aid, such catde could very well be raised. Some 
of the more enthusiastic people overlooked that the cultum o 
grass on fields where cash crops are usually raised is ccononu 
caliy imposdblc for the small farmers living a hand-to-mouth 
existence at the best of 


If w c apply any of the intelligent standards of excellence, t® 
comparing the Ja\ancsc catde with Holstcm-Fricsian or Hissar 
cat de , for Javanese coxuiitions in the kampoongs, the larger 
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animals, far from being superior (as they look when judged as 
individuals), are so inferior to Javanese that advocating their 
adopdon by the Javanese orang tana is folly. 

The native chickens in Java only produce very few small eggs. 
For this reason European colonists have imported Leghorns, 
Rhode Island Reds and similar “superior” breeds. When com- 
paring those European breeds with native kampoong chickens, 
however, we must take into account the fact that the native 
chickens are very well adapted to the conditions under which 
they live. Every householder has a few hens, and no money 
whatever is spent on food. The eggs are few, but tlie price they 
bring is all profit. The European breeds, kept in enclosures in 
large numbers, lay larger eggs, and when the owners of those 
hens can find a market at a remunerative price for those larger 
eggs, it may be profitable to keep them. It should, however, be 
remembered that in the conditions under which the natives 
keep poultry, the European hens are really inferior to the 
active, disease-resistant native ones. 

Especially in places where a native population and a few 
Europeans live together, the quah’ties of the native breeds of 
domestic animals should be carefully studied from the point of 
view of economic usefulness to their owners before we decide 
to “improve” them by crossing with our imported European 
breeds. This is especially true when those European breeds are 
much better from the standpoint of their European owners. 
Milk production is of secondary value to hardiness and adapta- 
tion to unfavourable conditions in such native cattle as the 
Javanese. In favourable localities, such as on the mountain 
plateaux, it may pay Europeans to raise mUk cattle, but tliis 
may never lead to the “improvement” of native cattle by cross 
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see that cneislargerorfatter ton 

intelligence to find the spccially-valuable quahU 
looking breed when compared with the 8 “d.lookmg one 
In most parts of France every farm has a sto colony 
nondescript grey rabbits in hutches. ‘ ^ (^mpared 

a rabbit fander those ammals arc not worth ^c 
with the beautiful rabbits seen at the shows, men, how ^ 
we Uve for some time in a French trila^, we bepn W 
date the quality of those farm rabbiU. The hu ^ 

dous brick or stone affairs, and every day a lot ^ „ 

weeds, grass, maize stover, etc., is dumped ■" -irltncss is 

pick over. No money is spent on grain, hardly any 
ever seen. On Fridays, v/h.en the rabbit-skin dca 
around, one or two rabbits arc killed by him and P^fP.^ 
the Sunday dinner, and when all is said and done, tms 
economical way of obtaining such a fine dish when on 
much afraid as a small French farmer to spend , 

When wc take the trouble to look for it, we olien nn 
remarkable qualities in non^pedigree domestic amm • . 
ducks wc have two native land-races in Holland, the flying , 

around the town of Akkrum in Friesland and the srna 
ducks of the county of North Holland. Around Akkrum 
ducks arc owned by the town. Every farmer by paying o ^ 
pence a year per nest can get the nght to place globular s 
nesting-baskets with a narrow entrance neck high up 
trees around his house, and to gather the eggs laid ^ ^ , 
The farmers do not feed the ducks who fly out to the mars 


to feed. Such duck eggs are cheaply produccdl , 

The small, black, white-breasted ducks around Edam an 
Purmcrend arc caged up during the day and let out when it 
dark. They forage in the pastures and along the sides of ® 
canals, and come home very early in the morning to lay mO 
eggs during the daytime. When white and spotted Inman 
Runner ducks were tried by the duck farmers, the peculiar 
virtue of the small black ducks became very apparent. As the 
ducks damage the sides of the watercourses, many complaia^ 
reach their owners when they arc seen abroad in daylight, a 
this respect the discreet small black ducks who did their WorK 
during the dark hours and were home during the day were 
very supcriorl 

In Java, the home of the Indian Runner ducks, these ducks 
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were hatched under Muscovies or artificially in marshy spots 
around the south coast. Specialists used to buy up the ducklings 
at an age of four to six weeks and start herding them. One could 
meet large herds of ducks being driven slowly along the road, 
mostly during the night, by a man with a small flag on a long 
handle. When a suitable spot was found, such as a recently- 
harvested paddyfield, the ducks were allowed to forage and 
bathe. When they wanted to rest, the man put a lattice fence 
around the troop and curled himself up to have his siesta. When 
the ducks started to lay he sold the eggs in the villages he passed. 
Finally, after some months he delivered those of his flocks he had 
not sold by the way to one of the large markets and returned 
home by train. (Things have probably changed since 1939.) 

People obliged to exist at a low standard of living generally 
own animals that are beautifully adapted to their needs. I am 
convinced that it would pay to utilize the economic qualities of 
some of the Chinese domestic animals. I have seen a Chinaman 
bring a couple of baskets with the common small buff chickens 
one sees in southern China to the quay where a ship was being 
loaded with grain, let them out of the baskets to forage all day 
and take them home again at night. 

When we want to compare domesdc animals, adapted to a 
low level of agriculture, with highly-bred pedigree stock we 
must always remember that very different qualities are wanted 
in domestic animals that are kept intensively and have to show 
a quick return for expended energy, care and food from what 
we want in animals kept extensively, a few to every owner. In 
the latter category of stock the animals are able to find all their 
food themselves, because each animal can exploit its own area 
free from competition. Where animals and birds are kept in- 
tensively, they are kept massed together, so that the little food 
that usually goes to waste is of comparatively very small im- 
portance. Food must be brought to such animals or good pasture 
must be provided. 

Just as a group of domestic animals will gradually become 
adapted to a low level of agriculture, in conditions where a high 
level of care and food arc present tlic domestic stock gradually 
adapts itself to those better conditions. The great productive 
black-and-white cows of tlic fat polders in Holland arc adapted 
to tliis sort of pasture. Here seiccdon of tlic most productive 
families has improved Uic breed. 
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mca coadiuom of agncultore are improved 
fiaal manures make possible better crops of „ 

corresponding change in the qnnhty of the l^v^toi ^ 
ncce^ary men we find a poor g 

diuons, we must carefuUy determine whether this breed is g 
enough when we change the condiUoM Often "" 
be t^e. Then it is advisable to try a w 

conditions, and if it fits, to change over the / 

repeated cross-breeding We have seen examples of tto in san y 
and marshy parts of HoUand where by dramage and nan.^ 
the quahty of the pastures was greatly improved In s P 
of the country it paid to change over from the old, smaU 
of cattle, adapt^ to local conditions, to larger ana 


productive animals e 

It IS very easy to malce the mistake of confusing the rai g 
the general level of agnculturc and a corresponding 
breeds of animals fitting mto such conditions, for me c 
selection in improving the quahty of the ammals in 
In a country like Holland the general size and 
the cattle one meets at the market nowadays has certainly 
improved very much over what they were thirty years ago 
would, however, be ciTon«>us to think that this ^™P^ _ 

13 a tnumph of the ammal-brccdcr’s art. Excellent produc 
cattle, adapted to very good pasture, ivere present m 
country a hundred years ago m defimtely favourable 
What has happened is mainly an improvement of the level ^ 
which agnculturc exists With the growing mdustnalization o 
the country and the enormous growth of the population 
become worth while to buy great quantities of artificial 
tilizer to improve the pastures and extend the area ivherc 
very productive breeds of cattle were kept. The former bre^» 
adapted to low levels of feeding, have not been improved they 
have been simnlant*^ 
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A long time ago this mistake was made in Holland, in the 
county of Gdderland. When it was evident that the general 
quality of the cattle was improving at the same rate at which 
agriculture as a whole was progressing, a regulation was passed 
prohibiting the use for breeding of unlicensed bulls. The result 
has been that the men responsible for the judging have chosen 
the type of the productive Maas Ryn Ysel and Black-and-White 
Holland breeds as their ideal. This has led to a rapid improve- 
ment (&om a showpoint) of the cattle in the richer districts. 
In this county, however, there existed a special breed of small 
scrubby-looking catde, adapted to the small crofters’ farms in 
the poorer sandy districts. By obliging those farmers to use bulls 
of the so-called “better” (but under the circumstances really 
inferior) type, many small farms, where formerly one or two 
cows were kept, have been driven to give up keeping cattle at 
all. I have spoken to many of such smaB crofters who now keep 
a few goats in what used to be the cow-bam, because the sort 
of stock they were breeding from the approved bulls were 
getting “too large for their farms”. 

Such mistakes must always be made where false standards of 
quality are used. I repeat, there is only one real measure of superiority 
in domestic ammals, i.e. adaptation to the conditions of agriculture into 
which the breed must fit. 

It is a great mistake to look down upon local “unimproved” 
breeds of domestic animals and plants just because each indi- 
vidual compares unfavourably with a corresponding individual 
of an “improved” breed. 

We should never compare individuals with individuals, but 
always breeds svith breeds. The best breed of pig or cow is the 
breed that best enables a farmer to make his farm pay. 

When travelling through the Ozarks in Arkansas I came 
to villages where a few half-breed Indians and Hillbillies 
farmed the forest. An enclosure was fenced for com, and in 
spring the razorback ssvine were turned into this enclosure to 
root out the stover, gmb out most of the worms, and turn 
up the eardi to the point where just a few finishing touches 
were necessary to get the soil ready for ploughing. After the 
com was up, the women and children actually had to do some 
heavy work hoeing, but after the crop was harvested tlic pigs 
again did their share. Those razorback pigs were not fed, they 

‘found themselves”. So did the few miserable-looking scrub 
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co™ wandering m the for^L Those 

simple expedient of muzrimg the calf p family, 

could be made to yield one or ho^ and the 

This was agriculture at its lowest rL.^aimum 

cattle were beautifully adapted to rius level, 
amount of energy hookworm, malana and mo , 

oivners. Were these animals infenor in the 

Get rid of some of the chrome human dise^ A 

the illiteracy in such a district and ''"'Wthing ctango. 
farmer with some energy and pnde can make a 
culture at a higher level, and to do this he needs a differe JP 
of hog and of cow: but to improve the catUc ^d the h p y 
crossing with Shortliom or Yorkshire wdl not be c ng 
to set about changing the state of things Ji„„tA,g 

As local unimproved breeds of animals arc gcncraUy , 
their worst at the shows, it is very easy to rate r 

worse than they really arc. When wc look for them, 
such breeds have their very good joints, points wc cou 
MicU do with in some of the “superior” breeds. rnstde 

Very often the excellent quahty of a local br^ can be 
use of in a system of agriculture at a much higher Icve 
the one into which the pure breed fits. Two qualities are 
mon m such stock — fertdity and cheapness. In Germany the r 
Bavarian sows arc famous for the way they fit into a 
r^ing first-gencraUon store pigs when bred to large W 
Yorkshire boars. Native sheep of different breeds arc 
to use for breedmg first>generation lambs from Karakm ram* 
for the fur trade. The Javanese cows, when bred to Hissar o 
^ladura bulls, produce excellent, active, quick-moving 
long-lived bull hybrids for heavy transportation work at c 
sugar factoncs. 

In different respects, local unimproved domestic anin^ ^ 
worth studying. I have tried to warn agmnst the superficial way 
of condemning them which is fostered by the habit of compar 
ing individuals at the agricultural shows. 


NOTES 

/ am discasting these boo chapters together because they seetn to “foe to deal 
aith much the same subject. In them, Hagedoom exposes one of the most 
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seriousy yel mos( common, errors in the numerous well-meant and officially 
sponsored schemes of livestock 'improvement" . 

The idea that the productivity of a breed is independent of husbandry is 
widespread yet false, Hagedoom, being widely travelled, has drawn well- 
chosen examples of that fallacy from territories as distant as Java and Arizona. 
Tet similar examples can he selected from much nearer home. Premium sires 
and the schemes designed for their utiUzaiion have long been the darlings of 
our Government Departments responsible for livestock "improvement". 

In Scotland there are, of course, wide distinctions between the natural 
fertility and productivity of different districts. The Lothians,for example, are 
fertile, the Western Isles relatively barren. As a natural and inevitable result of 
such variable fertility, the livestock of the Lothians are both bigger and more 
productive than the livestock of the Western Isles. Any traveller journeying 
from Lothian to the Western Isles would be struck with the apparent in- 
feriority of the livestock of the latter region. It would be easy for him to assume 
that it would be a tremendous improvement in livestock production were live- 
stock from the Lothians transported to the Western Isles to supplant the types of 
livestock native there. It is an error, however, and an error supported incident- 
oily by certain assumptions implicit in genetic theory, that the Lothian live- 
stock would retain their superiority in size and productivity under the husbandry 
conditions of the Western Isles. 

Actually, unless it were both physically and economically possible frst of all 
to raUe the level of crop husbandry of the Western Isles to Lothian standards, 
the importation of Lothian livestock would be a waste both of tune and money 
since its size and productivity would certainly sink to the lower level that the 
futility and husbandty systems of the Western Isles were able to support. 
Hagedoom tmpftosi^ed ifiis point in italics {p. 75) when he wrote: 

^ I repeat, there is only one real measure of superiority in domestic animals, 
i.e. adaptation to the conditions of agriculture into which the breed must ft." 


o 
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Aims in Animal Breeding in 

to Agriculture 


TT he most important point to decide ^ 

ing of any kind of animal is the ideal towards whicm ' 
to breed. The first tWng wc must know is just exactly w 
want, for without a deftoitc goal we can never hope to . . 
a true«breeding group in which every animal shall be valu • 
In animals that are bred for show purposes 
many rabbits and pigeons, there is no real fixed id^ oi q v » 
breeders of these animals being governed by fashion _ 
way in wluch fashion changes is determined by chancy, 
ideal in such animab b never to produce large numhcis 
individuals that will be all alike, but each breeder’s aim is 
produce a few animals that will win in the shows in coropcti o 
with the animab produced by his fellow-fandcrs. , 

When we arc dealing with animab and birds that arc br 
for profit, the mms should be well defined and clear, not ^ 
lous and dependent upon the fashion of the moment. In sue 
breed wc aim to produce a group of animals that shall all c 
alike in thb respect, that under suitable conditions they 
produce a profit. 

For different reasons it b very hard to bear in mind 
such breeds cvciytlung should be subservient to usefulness. T c 
first difficulty lies in the circumstance that when a group o 
animab becomes more and more pure for its inherited makc-up> 
the ammals that form the group will be more and more alike m 
all respects and have a set of recognizable external qualities 
size, colour, conformation. As those qualities in a pure breed 
assume somctlung aldn to hallmarks, guaranteeing purity e 
breed, those qualities will become important out of all proper 
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tion to their real value. As it is very much easier to judge such 
characters as type, or size, or colour than real value, there is 
always some danger of this happening. Especially is this true 
in animal groups in which real economic value can only be 
judged in one of the two sexes. In milk catde and laying breeds 
of poultry the males are indispensable to make the females pro- 
duce new females, but they do not themselves contribute to the 
economic value of the breed. As in those animals only a few 
males are required, it becomes necessary at every generation to 
decide which males to destroy and which ones to keep alive for 
breeding. It is clear that the breeder who is set this task of 
selecting a few males is very likely to compare the males at hand 
in regard to their personal qualities. 

The shows have had very much influence, for if we bring 
milkin g breeds of cattle or egg-laying strains of hens to the 
shows, the only basis of comparison there can be are fancy 
points, and those points are apt to assume an importance out 
of all proportion to their value. 

When a breed of animals is bred for profit, but at the same 
time it is also shown regularly, we have two independent sets of 
standards by which to judge the value of individuals — beauty 
(fancy points) and utility. In such a breed as is kept with those 
two different objects it rvill certainly often pay better to breed 
beautiful animals for sale, than to keep such animals for their 
real economic purpose. The most successfiil breeders of show 
Guernsey cattle or of show Hampshire Down sheep make more 
money than dairymen or sheep-larmers. 

It can easily be seen, however, that it is very much more 
important for farming as a whole that cattle and sheep shall be 
profitable as farm animals than that a few prominent breeders 
shall make money by showing. 

In poultry breeding it has been possible to separate breeding 
for the shows from breeding for profitable egg production, so 
that in many breeds we now have utility strains which arc 
never shown and which are valued according to economic use- 
fulness, and show strains which are judged at the shows and in 
which economic production is unimportant. In breeding sheep 
it would probably be impossible to keep special show strains 
tliat would be bred only to compete at the shows — it would be 
too expensive a hobby; the “sheep fancy” can exist only because 
farmers arc led to believe that tlicrc c.xists a connexion between 
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show type and pracdoJ value, so that 

ready sale for theu: young rams at P". tettveen 

The question must be faced is there any corr ^alue? 

the quditics desired at the shows and real '“"“f „u 
One of the shrewdest and most sensible statemen o 
ject in hand was made by Boutflour a few yc^ “f i „Ss 

meat was that eidicr there is a correlauon P ^ 

andudlityorthereisnot-lftliereissuehacorrclabonbrec^g 

for economic value will automaucally give us *= "B W 
and it will be unnecessary to give special for 

points. If, however, there is no such correlauon, jo 

those show points will surely handicap us tn our a p 
improve the breed from an economic standpoint 

A very prevalent idea seems to be that a selection o , 
externally visible quaUtics is necessary in order P. 
animals of good “constitution**. The idea seems *1.1, 

tain circles that by selecting only for yield it would be p 
to produce a strain of cows to yield 2,000 galloi^ a y ^ — uu 
larly, but In which the animals thcmsclv« would be mis 
beasts with a very poor constitution, or in | j 

eggs but have no hens left worth talking about! It is hard 
the origin of this ridiculous idea. Surely it might be sai 
the 2,000-gallon cows or the 300-cgg hens, if they could pro 
tlus enormous value by means of an economically “ 
food consumption, would have just exactly the constitution 
farmers wanted in their ammals. Of course we want to 
right constitution in our animals, but when we set 
measure constitution, the only test we can apply is the ab tj 
to produce a lot of milk (or eggs) at a low cost, and to keep t^P 


this production during a long lifetime. m,*te 

Both in nulking Shorthorns and in the Black-and-iV 
Dutch cattle, the average useful life (milk-producing penod) o 
a coiv in the herds of the pedigree breeders is about two 
At fust sight this would show those pedigree cows to be of very 
poor constitution, but in reality there is no reason to bchevc 
that there is any essential difference between those pedigre® 
cows and the rest of their breed. It only means that the nc^ 
slty in those herds of pa^ng sufficient attention to show P°^ 
greatly interferes wth the selection of really profitable cattle* 
We must realize that in such breeds as the popular breeds o 
milk cattle two sets of ideab exist. The users mm to get animals 
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that will be a good investment, and there are two sources of 
income from cattle, the milk and the carcasses of the super- 
fluous bull calves and of the milk cows themselves when they 
are no longer profitable. 

The relative value of milk and meat in a breed of cattle 
depends upon a great many different tltings. Where population 
is very dense, and where milk is expensive, the profit from milk 
is very much more important than that from meat, hlilk pro- 
duction, however, can only be profitable when there is a good 
market for the milk, when sufficient labour is available, when 
there is a continuous supply of food, and lastly when cows are 
kept that svill turn this food into milk economically. In coun- 
tries where markets are far away, where labour is scarce, 
expensive or unreliable, where good seasons alternate with 
periods of drought, conditions are better for beef than for milk, 
provided the sort of cattle kept is adapted to the special con- 
ditions — cattle that turn grass into beef rapidly and profitably. 

It has never been conclusively proved that the inherited 
make-up that produces a profitable milker will prevent that 
same cow from being a profitable meat-producer. Let us sup- 
pose that, physiologically, it is possible for the animals in one 
pure breed to produce milk profitably in one set of conditions, 
and to produce meat economically in another set of conditions. 
If this would be physiologically possible, would it be really 
worth while to aim at the creation of a real dual-purpose 
breed? 

When answering this question we must remember that a real 
dual-purpose breed of cattle, in which the cows would produce 
plenty of cheap milk and would fatten rapidly and economically 
after ten years of milk-production, would perhaps have only a 
very limited range of distribution, and that only in a very few 
countries would conditions be such that a breed like this would 
be more profitable than either a specialized milk breed or a 
specialized beef breed. For reasons I rvill explain later I will 
leave the qu.ality of the superfluous calves out of consideration 
here. 

How would we set about to produce a real dual-purpose 
breed of cattle? When we tliink of die enormous difllculties in 
evaluating die qualities of the breeding stock, we must realize 
diat the problem would be extremely difficult. In selecting a 
bull of such a breed we would have to know diat his daughters 
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daughters at ten years of age were stdl worth fatte^ 

How about the present so-caUed ^ (hey arc 

breeds are kept for wWch the promotm clartn 
valnabk both as beef cattle and as dany catUe. The 
Shorthorn and the Black and White cow m the 
part of Holland and in north-western Germany are b 
which, this is claimed. So is the Redpoll. ^ —iJtteinff 

Such dual-purpose cattle arc produced by crossing 
breed with a b^f breed. In Holland the Tort“ 

be bred as a dairy breed, until for show pu^oses ^ 

bom hulls were imported and employed. In England th 
big Shorthorns were produced from the same crosses, 
breeds look different because in England the object w 
improvement of the Shorthorn m regard to tmUt, ‘ , 

land the object was bnprovement of the IomI dai^ ‘5''' ’ -art 

for show purposes. Both in England and in HoU^d y P 
of the original breed was changed: in England the 
Shorthorn exists by the ride of a pure bcef'Shorthom, v/ ‘ , 

Holland in some parts of the country the original dairy 


is still bdng kept and selected as such. 

In both dual-purpose breeds wc see exactly the same ^ 
Within the breed wc find extremely good dairy cows, a 
wthin the breed wc also find excellent beef 
animals that combine both quahtics are very rare. It ^ 
that in both countries arc exhibited cows that show the beau 
fill straight back and wcll-fiUcd flanks of ideal beef animaU, an 
that also produce a very la^e amount of milk — ^but such co 
are in the nature of ire^, are far from typical, and certainly 


do not tend to reproduce their kind. 

Wherever there has been a tendency to pay sufficient 
tion to milk 'rield in such cattle, the bulls have always 
judged at the shows as if they were bulls of a beef breed. T 
has been possible because up to not so long ago it was suffio^^ 
for a bull to produce a dozen excellent milking daughter to c 
considered a valuable bull in regard to milkin g quality, 
matter how many of his daughters were mediocre or poof 
milkers. Nowadays, when wc arc hunting for bulls that 
shown themselves to be capable of producing daughters of hig 
average quality and at the same time sons that look like b ^ 
bulls, such bulls prove to be extremely rare. The fact that m 
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the Dutch Black-and-White breed it is so very much easier to 
find bulls of proven breeding value, as far as milk is concerned, 
in America than in Holland does not prove that such bulls are 
not equally plentiful in Holland. They exist in Holland just as 
well as in the States, but if we limit our search to those bulls 
only which are of monumental beef-appearance, we necessarily 
find only a very few proven milk-sires in that limited group. 

Boutflour has repeatedly pointed out that the circumstance 
that we find very much more variation in regard to milk in the 
so-called dual-purpose breeds than in the specialized dairy 
breeds, and that we find exactly the same difference betiveen 
the variation in beef-quality in a dual-purpose breed compared 
with a real beef breed, shows that selection for beef only, or 
milk only, is much easier than selection for two ideals in one 
single breed. 

Both in England among the Dairy-Shorthom enthusiasts and 
in Holland among the fanciers of our Black-and-White and of 
our White-faced cattle, the selection for beefiness in bulls is 
defended with the reasoning that good quality firom a butcher’s 
standpoint is of very great value. It is certainly true that our 
Dutch Black-and-White bull calves and our old Black-and- 
White cows, compared head for head with Jerseys of similar age, 
are worth more money; but the whole thing is not as simple 
as this! 

Probably the average age at which a cow in a dual-piuqjose 
breed is butchered is four to five years. Such a cow is worth 
quite a good sum of money; but it would be much more profit- 
able for farmers in general if the cattle were of such a quality 
that the cows could be profitably milked up to an average age 
of ten years. In a cow that has produced 2,000 gallons of mitlc 
yearly for eight years, the butchering value of her carcass is 
negligible compared with the value of her milk. Even the value 
of a very good steer is not much compared with the profit such 
a cow has produced. 

In parts of the world where milk is very valuable, it pays to 
milk tlic cows and sell tlic calves. I have seen it stated very often 
diat in a dual-purpose breed the butchering value of the calves 
is so much greater than tliat of dairy-calves that this alone 
would make a dual-purpose breed profitable. I do not know 
how tlris ssould be in a real true-breeding dual-purpose breed, 
for I do not happen to know suclt breeds. In a milking breed 
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however, it U not necessary with good management to rm« 
surplus ‘W’ “Ives from the dairy cows which are not 

tined to reproduce their breed. I know jjj ’ oduce 

mated to a Hereford or Aberdeen-Angus bull, will proou 

calves of excellent butchering value. stand- 

in considering the cbfficult quesuon of dual-p ^ 
ards in all animals, such as meat and wool in sheep, 
beef or work and milk in catde. we must 
idea that selection in one direction must mreiy produw nege^ 
eration in a second direction is not necessarily e. .ly 

be true in breeds in which the variation has been recent y 
brightened by a cross; and for this reason it is 
that sdection for milk in a dual-purpose breed, whic , 
produced by cross-breeding less than a century ago, ^ 
make the breed less valuable from a butcher’s standpom 
vice versa. In reasonably pure breeds, howler, 
possible to attain some progress in one direction while 
on to some important other quality for which the brccci p • 
Agjun, when considering two different qualities in one bre 
is always necessary to remember their relative - 

In Germany and Switzerland it has been found ® . ... 
the cows do light labour has no bad effect upon ^eir millc * 

on the contrary, where cows are never let out in the si^ 
light work at hay-time actually improves both yield and heal • 

In such instances it would be the height of folly to pay so 
attention to such quaUties as speed and intelligence, 
which produced specially quick-walking daughters woul 
patronized rather than bulls with good milking 

In arumal breeding it seems to be very much more dimcui 
than in plant breeding always to remember that our aim 
be profit to the farmer. I know many more cases in anini 
breechi^ where standards towards which the breeders aim ^ 
deviate from the most profitable relation between incoming an 
outgoing than in plant breeding. At first sight this seems sur- 
prismg, because in both instances the farmers must try to make 
a living— by r^ing dther animals or plants. The only explana- 
tion that I can find lies in the circumstance that the farmers 
who have to use the animals ha\ e not sufficient voice in the set- 
ting up of alms towards wluch their animals are bred. We nius 
always remcniber that our agricultural animals are highly 
polygamous. A rdativdy small group of breeders can, by pW 
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during males, have a very great influence upon the trend of 
tilings in animal breeding. We cannot reproach our prominent 
breeders, organized in herd-book societies, that they arrange 
things as looks best and most profitable to themselves, as they 
have their living to make as well as the ordinary farmers. 
These breeders are the ones who take an enormous interest in 
the shows, and it would be very surprising indeed iij with any 
class of agricultural animal, competition in the shows were to 
push things in the direction of making the animals selected 
more profitable for ordinary farmers to breed. 

The farmers themselves, the real users of the animals, do not 
tend to raise their voices. When they become prominent in any 
way, they tend to enter the ranks of the pedigree breeders! 

Whereas in matters of plant breeding I have always, as a con- 
sulting geneticist, found it sufiBcient to help the breeders attain 
the aims they set themselves, in animal breeding I have often 
found it necessary to help the breeders to establish standards 
of quality that would tend to make the animals fit more econ- 
omically into existing schemes of agriculture. 
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Importation 


T hen conditions of agnculturc change it w 
very often be necessary to change the breeds of domestic am^_ 
and the kinds of culuvatcd plants accordingly. SomctiraM 
mg breeds are suffiacntly vanable to permit of a 5 , 

the average quality of the animals m a breed, but a 
amount of vanabihty does not necessarily always exist. 
circumstances two ways arc open wc can ameUoralc 
mg breed by cross-breeding, or wc can look in a foreign c 
for a pure breed that just fits our requirements 
The importation of a ready-made breed from a foreign c 
try has seldom been tried systematically, yet it is obvious 
It would be illogical to go to all the trouble of improving 
existing breed by means of cross-breeding when another re 
could be imported ready made The importing of foreign 


can be very profitable for people who take the imtiativc— - 
wc must always be able to distinguish between this km 
profit and the real merit of the imported breed 
The first men to keep a newly imported breed of ammals ^ 
very likely to make money out of their work, for while a 
is new Its very ranty and novelty produces a demand tba 
for a long time ahead of the supply of young breeding sto 
This high demand, however, does not necessarily prove 
value of the breed . , 

The importation and testmg out of new, foreign breeds slm 
really be in the hands of the Governments, for on the one 
It is illogical that the individual breeders should take this 
and on the other hand it is highly undesirable that an m 
ferent or even a worthless importation should be propagates 
just because the first breeders earn their money that way 
86 
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One curious aspect of the importation of a foreign breed is 
the fact that the variability of an imported group is always only 
a fraction of the original variability of the breed in the country 
of origin. This is partly due to the circumstance that a selected 
group is collected for the importation, but partly also to the 
fact that rare genes present in a few members of the breed are 
very unlikely to be present in the small group of imported 
animals. 

Dogs are more often imported into foreign countries than any 
other animals, and they illustrate my point very well. The 
Samoyede in its original country is bred in all sorts of colours; 
in England the dogs imported were all white. The Newfound- 
land dog at home is very variable, all sorts of ears are seen, and 
different types of coat in many colours. In England we know 
the dog as a very little variable breed, in which all specimens 
have one kind of ears, one sort of coat, one way of wearing 
the tail. 

When somebody notices an excellent breed of animals in a 
foreign country, he may be so enthusiastic that he starts to 
import the breed into his own coimtry; but very rarely is the 
simple precaution taken of first trying out the quality of the 
animals of the new breed, when bom and raised in the new 
country. 

The failure to observe this safe rule can result sometimes in 
sinking disappointments. A few examples suffice. 
\Vhen it was deemed advisable to improve the size of the 
native Javanese and Sandalwood ponies in the Dutch Indies, 
the veterinary officials who were responsible for animal breed- 
ii'g in Java hit upon a scheme of importing hunter mares from 
Australia. It was thought that the great size of those mares 
would be a valuable quality to impart to the small native 
ponies. Nobody thought of the necessity of observing just how 
big those Australian hunters would gro>v when they Nvcrc born 
and nused in Java. The authorities did not realize tliat the 
quality (here size) of those imported individuals was only 
partly due to tlicir genotype, but partly also to the conditions 
under which the animals grew up; they forgot that only the 
genes from tliosc marcs would be transmitted to tlicir oflspring, 
and not tlic result of tlicir upbringing. 

By chance I happened to hear iliat at the stallion depot at 
Padalaran two Australian hunter marcs had been imported 
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pregnant from hunter stallions, and that the 

Len raised at the station with every care *at could b P 

to those valuable animals. When I went there to 

animals they were over two yearn old. What 

when I saw them being caerciscd tn a long stang o 

WO^, and that they 4rc not a bit bigger than any of those 

^ A very similar case U that of the Dutch-Fricsian cattle in 
AlHca. When animals of tliis breed were first imported mte 
man East Africa, as it then was, the idea was to , 

size and general quality of the native cattle. It was ^ ’ 

however, that whereas the adult animals 
Europe retained their size and general qualities, . y 5 

in the new country never grew up to a good . 

rem^cd short and dry and very much undersized, halves m 
ported into this country at an early age also showed the 
general lack of quality. The fact that this breed was not adapicu 
to climatic conditions in tropical Africa was overlook • 
Exactly the same mistake was made in Java 
cattle were imported to improve the Javanese cows. The p 
caution of first discovering how purc-bred Ongolc calves wo 
grow up under Javanese conditions was neglected. 

The case of the Saanen goats in Holland and Germany 
been treated of elsewhere. This was another example o 
importation of a breed that was excellent in its own 
but totally imsuitcd to the conditions of agriculture in the n 


It should be remembered that the importation of 
breeds into any country may be extremely valuable, and tro 
an ccononuc standpoint very much better than trying to change 
an existing breed of animals to fit the changed conditions; bu 
the very first thing that must be determined b whether the new 
breed, nused under local conditions, really fits those conditwn** 
Thb b done in the cheapest way by the importation of a le"^ 
very young animab of the breed to be tested, or by the importa- 
tion of a fc\v pregnant females. 

When, as a result of such experiments, it b found that 
imported breed b more valuable than the corresponding breea 
it b intended to replace, the question arbes which b the cheap- 
est way of getting the new breed cstablbhed in place of the 
cxbting one. 
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belongs to the unfixable group. To take an example, if for any 
reason anyone should want to import Shorthorns into a new 
country, it would certainly be wise to eschew the roans and 
import only the reds and ^-and-%vlutcs, for this •\souId nd us 
of three colours once and for all. If anyone wanted to import 
the Dutch Belted cattle into England and had the choice be- 
t>\cen reds and blacks, he should take the reds, as they breed 
true to colour, ^vhich is important in a new breed. 

In any event it is unwise to pay too much for exceptionally 
good animals VYc can leave this until the time when we have, 
by repeated back-crosscs, changed our local breed into the im- 
ported one \Vhcn we have progressed so far jt will pay to add 
the finishing touches by importing something extra special — 
but not before Finally, one should import few females but as 
many males as possible, in order to be able to make good pro- 
gress in changing the breed. 



F or certain purposes first-generation hybrids be- 
tween distinct breeds may possess certain advantages over pure- 
bred animals. This is especially true where great uniformity is 
desirable, for it is a general rule that hybrid lots are more uniform 
than pure-bred lots of animals. 

In so far as heredity is the cause for variation, differences 
between animals of one group arise through the fact that some 
animals in the breed are impure for valuable genes, so that they 
impart these genes to only half of their ofispring. If even a small 
proportion of heterozygous individuals are present in the breed, 
two heterozygotes will occasionally mate, and such matings will 
produce 25 per cent, of offspring in which the gene in question 
is lacking. It is rather a difficult job to eradicate this impurity 
in any breed, especially if one does not own sufficient animals 
to be independent of animals pmchased from others. Now this 
is where cross-breeding producesuniformity. Let us suppose that 
in one breed there is some impurity for three genes. A, B and C, 
and that in another breed there is also some impurity, but for 
three different genes, D, E and F. This means that, as long as we 
breed those two distinct breeds separately, we svill always have 
some recessive aberrant individu^ lacking A or B or C crop- 
ping up in the one breed, and animals lacking D or E or F in the 
second one. What happens when we cross animals of the ttvo 
different breeds together? 

In our first breed may be produced germ-cells that are 
defident in A or B or C, but all germ-cells will contain genes D, 
E and F. Reversely, the second breed may be impure for those 
last-named genes, but as the animals are all pure for A, B and C, 
those three genes are passed on to all the first-generation 



F or certain purposes first-generation hybrids be- 
tween distinct breeds may possess certain advantages over pure- 
bred animals. This is especially true where great uniformity is 
desirable, for it is a general rule that hybrid lots are more uniform 
than pure-bred lots of animals. 

In so far as heredity is the cause for variation, differences 
between animals of one group arise through the fact that some 
animals in the breed are impure for valuable genes, so that they 
impart these genes to only half of their oflspring. If even a small 
proportion of heterozygous individuals are present in the breed, 
two heterozygotes will occasionally mate, and such matings will 
produce 35 per cent, of offspring in which the gene in question 
is lacking. It is rather a difficult job to eradicate this impurity 
in any breed, especially if one docs not otvn sufficient animals 
to be independent of animals purchased from others. Now this 
is where cross-breeding produces uniformity. Let us suppose that 
in one breed there is some impurity for three genes, A, B and C, 
and that in another breed there is also some impurity, but for 
three different genes, D, E and F. This means that, as long as we 
breed those two distinct breeds separately, we svill always have 
some recessive aberrant individuals lacking A or B or G crop- 
ping up in the one breed, and animals lacking D or E or F in the 
s^nd one. What happens when we cross animals of the tsvo 
different breeds together? 

In our first breed may be produced germ-cells that are 
deficient in A or B or C, but all germ-ceUs will contain genes D, 
E and F. Reversely, the second breed may be impure for those 
last-named genes, but as tire animals arc aU pure for A, B and C, 
those three genes arc passed on to all the first-generation 
91 
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.,brids.Asar.ultWrid,«ma^^ 

pffprts of the impurity of one breed in respect to certai g 
Je Uddc" c:In..tance that in each ea.e toe genes are 
present in aU the germ-celU produced by of 

This result of cross-breeding, the correction by P 
the causes of variahiUty due to the oUier parent, may be to 
trLd by a simple example. When we want “ f g 

fom a window" we may possess only some old " 

with holes in them. When we stretch one 
the holes in the curtain tvill admit some 
stitute the other curtain, we see the hght through ho 
spots. When, however, we hang one curtain on top of th 
one, the holes are not very likely to correspond; m spots wba 
the first curtain has a hole, the other curtain is tight, to wh 
the holes come in this second curtain, they hang over spots i 
first one, that do not permit the light to pass. 

This is one of the chief reasons for the striking uxmo^ty 
lots of first-generation hybrids. Often, however, the hy n 
not only as good as the best memben of the two breeds cro » 

but decidedly better. The explanation of this fact is ra 
similar to the other one. In fixing the breeds, it is T 

possible that important genes may be dropped from tlm s 
altogether. In selecting a breed of poultry for size and shape 
an enormous crest, it b possible that one or two impo 
factors necessary for good fertility arc lost. Possibly the same 
true of a second breed in which we are selecting for enornm 
size or length of feather. Again, those weak spots in the 
of such bre^ are not very likely to correspond, and in so 
as they do not, the hybrids between the breeds ^vlll inhent some 
of those factors from one parent and some from the other, so 
that they vdll have a full complement of them. When 
two highly-bred exMbition breeds ofpoultry, let us say Polbban 
Brahma, the fertility of the resulting hybrids is often surprising- 
In animal breeding infertile hybrids are sometimes 
tween related spwaes. The mule b a classical example. vVne 
we go to the markets m mule-breeding centres in summer, where 
the mule foals are coming to market following thrir dams, it is 
exceedingly remarkable to notice the mixed lot of mares of a 
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sorts of breeds and of no particular breed at all, and to see how 
all the foals resemble each other, as if they had been cast in one 
mould. 


A similar case is that of the Muscovy duck hybrids that are 
produced in thousands in some parts of France by mating Mus- 
covy drakes svith ducks of ail sorts of large breeds. The hybrids 
are bred for meat and especially for the production of pate de 
foie gras. They are larger than either parent, they have the 
advantage that the ducks grow as large as the drakes and that 
they fatten readily at an early age. 

The cross-bred geese that are produced in some parts of 
America for the Christmas trade by crossing Canada ganders 
with common geese come in this same category. 

Sterile hybrids, produced for use, have one great advantage 
over fertile hybrids, namely, tliat the owners are not tempted 
to use them for breeding purposes. When hybrids are of excep- 
tionally good quality, people may be tempted to use them for 
breeding purposes, often with disastrous results, as vve svill 
presently discuss. 

Among cattle some combinarions of breeds have an excellent 


reputation. An English example is that of the hybrids between 
white Shorthorn bulls and polled Angus cows. The hybrids 
happen to have a peculiar colour, caused by a combination of 
the roaning factor from tlie Shorthorn with black coat-colour, 
and this coat-colour serves as a trade-mark for the hybrid 
calves in the markets where they are sought after, because 
atteners know their excellent quality for their purpose. 

n Java, the hybrid bulls, bred from Ongole fathers and 
Javanese mothers, are much prized as carriage bulls, and in 
M ®t^t-generation hybrids beUveen Balinese and native 
th^ cattle are well known as being eminently suitable for 

Wh "'ftich are so popular there, 

to n Arabian horse has penetrated it has been shown 

cnt "h “‘cellent first-generation hybrids with several differ- 
prod horses. Even the ungainly Manchurian pony 

stalljo''*^<f° riding horse when mated tvith the Arab 

m-.; tftc very best cow-ponies are produced by 

tvith the native mustangs. 

Nubian' “‘ue combinations of breeds such as the Anglo- 
■''ilkinv Swiss-Nubian are noted for their excellent 

j, Properties, and also for their longevity and resistance 
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rotheconnnend.ea.es. InoneoftheFrcn^^^^^^^^ 

srEsiSS^fesr. 

emWos that are earned up to then Brst- 

In the sheep we have many example f .^t- 

generation hybrids, of which the Karakul top i &e b«t 
too™ example. In Persia and Turkes^, Karakjd ra™ ar= 
commonly used to cross with coarse “the 

produce the lambs that give the lustrous skin . j 

Lde as Persian lamb. In England different ^ 

breeds in sheep are weU too™, such tbe Bordcr-Lme«W X 

Scotch Blackface and Bordcr-Leicester by Cheviot, rap V 

producing the Greyface and the Scotch Half-bred, widely us 
for crossing with Down breeds for early lambs. 

In many insunces, such as those quoted, the 
the Btst-generation ewes as milk producers is utilized by a c 
plicated system ofbreedmg in which such cross-bred ew“ 
mated with a ram of a third breed to produce the early ho 
lamb that brings an especially good pnee. _ . 

The dogs furnish only a few examples of this 
poodle-pointer is one of the bcst-knoivn examples, 
hybrids seem to inhcnt the cleverness of the poodle, but a 
its impossible coat of wooL . . 

^Vhcn the pelts of the European fitch fetched a good price 
used to be very profitable to cross male fitches wth fem 
ferrets. The ferrets arc very fertile and excellent mothers, an 
the hybrids, while requiring a somewhat more elaborate c 
tlian purc-bred ferrets, are not as difiicult to raise to mat^ty 
as fitch ivhilc their pells bnng as good a price as fur. There 
was a time when it was very much worth while to mate a 
polygamous Canadian silver fox with common red fox bitches, 
in order to produce cross-fox pups for fur purposes. 

In the breeding of laboratory animals the easiest way to prO' 
ducc great quantities of healthy and thrifty mice and rats o 
good uniformity is to cross good in-bred strains. 

For a long time it used to pay to produce hybrid ducks fixini 
Campbell drakes and \Vlutc Indian ducks for laying purpose- 
ConUnued selection and in-breedmg has improved the Khaki 
Campbell duck so much, that in the mammoth duck farms m 
Holland this breed has superseded the hybrids. 
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In poultry the production of hybrids between breeds for direct 
use is more common than in other livestock. For table purposes 
few breeds surpass the Indian Game x Sussex cross. Tlie dis- 
advantage of the cross lies in poor fertility of the Game males 
early in the season, and it will pay the breeders to produce a 
special breed of Indian Game of good fertility for this special 
purpose. An e,Kcellent cross for the same purpose is tliat between 
the North Holland Blue male and Barnevelder or Rhode Island 
Red females. It used to pay well in Holland to use the same 
pens of hens in spring for the production of pure-bred R.I.R. 
chicks and later in the season, when the males were exchanged 
for N.H.B. males, for producing chicks for fattening purposes. 

For laying purposes, some first-generation hybrids in poultry 
are well known. The hybrids between R.I.R. and Sussex are 
excellent, where the market does not discriminate against a 
yellorvish egg. The same is true of the excellent hybrids between 
Australorp hens mated with Leghorn males, and of the Barne- 
velder-Leghorn cross. In these crosses tve see some of the best 
examples of uniformity and absence of “culls”. Whereas it is 
usual to find a certain proportion of pullets in every breed which 
do not do well and which have to be scrapped sooner or later, 
mortality in the hybrid lots is exceedingly low. 

A very interesting problem is raised by the facts found in the 
production of hybrids between breeds for utility purposes. 
\Vhereas at first many autliors claimed that it was very im- 
portant that for the production of such hybrids only the very 
best strains of liighly-bred animals were used, it is found 
repeatedly that the choice of the breeds to be crossed is much 
more important than the strains in those breeds. For ordinary 
purposes the quality of the Barnevelder and the R.I.R. crossed 
are not very relevant. 

The explanation probably is tliat tire difference between a 
good strain and a poor one lies in the presence of many im- 
purities in the strain. When the strain contains many individuals 
that are impure for different valuable genes, too many birds arc 
produced that present diverse defects, and the better strains 
either contain fewer individuals impure for the same genes or 
no heterozygosis for several of them. When two strains arc 
crossed and when those two strains “click”, in other words, 
when the impurities in one strain arc covered up by homo- 
zygosis for those same points in the other strain and vice versa. 
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It is probable that the f much 

bcttvccn different breeds can be uuhzrf „racdce lies 

more frequently than hitherto. A " ^ struck 

in die possibUity that the users of the hybnds wui 
with their good quaUdes that they \vlll me 
Durooscs- and as those hybrids are impure for aU the gen 
wtoh the germ-cells differed, their offspnng arc ^ 

able and comprise so many defective and inferior l 
that the average quaUty is exceedingly low. . ^ 

In swine, for instance, there exist so many 
breeds, so many genes for which many of the mem ^ 

the highly-selected breeds arc heterozygous, ‘‘'f | 

even very closcly-relatM breeds to produce aromals for us 

rccommcndable breeding practice. j t orns. White 

In hybrids between the Gcnnan Landrace and L 8 ^ 

Yorkshire s\vinc, the uniformity of the groups is s 
and in the hybrid lots, poor doers and backward p gs 
exceedingly rare. , , , 

When, however, an Fa generation is raised by ^awig s 
hybrids among themselves the result is astonishingly bad. 
seen a number of litters of such pigs from hybrid paren » 
the fint thing which strikes one is that no two piglets arc 
So many of the animals arc unthrifty, so many show the c 
of all sorts of small aberrations, that a really good pig wi s 


litters b a rarity. u * 

I have raised large numbers of chicks from hybnds be ' 
the Leghorn and the Bamcvcldcr breed, and although the w 
strains crossed were excellent and the hybrids themselves wc ^ 
remarkably good, the second generation showed so many poo 
hens — hens that ^ not lay before they were ten months o > 
or that laid a dozen eggs, or no eggs at all, hens \vith 
beaks, weak chests, crooked spines, poor feet, bad eyes, an 
sorts of minor aberrations — that in this generation only a very 
few hens were passably good. 
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theUsSf the chapter as written contains the gist of the matter. Since many first 
generation crosses between two breeds are more uniform and more productive 
than either parent breeds andi what is perhaps of greatest mportance, more 
resistant to unfavourable environmental conditions — in other words, hardier — 
the importance of such first crosses or hybrids in all branches of animal 
husbandry is likely lo expand. Since, in the first place, there mast obviously be 
sufficient numbers of the two breeds to cross, the possibility of the commercial 
utilization of first generation hybrids is clearly related to the prolificacy of the 
species concerned, being greatest in poultry and in swine. As regards the 
theoretical explanation, I doubt whether mcuiy modem geneticists would accept 
Hagedoom^s simple yet convincing interpretation as being the whole story. 
From the practical standpoint, however, the precise genetical significance of 
hybrid vigour is of minor importance, 

Hagedoom*s warning against the temptation of in-breeding first crosses 
because of their uniformity and productive superiority is one which I can 
confirm from my own experience. Both uniformity and productive superiority 
are very apt to go with the wind. It would require many generations of strict 
selection to bring them back. Personally, I have doubts as to whether, in their 
entirety, they wotdd ever come back. 
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Grading Up 


hea a breed is imported into a new 

itmaybe found that it possesses advantages over existing 

sufSdcntly great to make it economically important to subsu 
the new breed for the old. ^ , ...u « 

\Vhen we are dealing with very fertile animals, 
poultry, ducks or swine, this is a ample matter « we need o y 
multiply the new breed up to a point where it supplan 
existing breed. ^ , * 

In the larger (arm animals, however, this is not feasible, 
cattle and horses it b generally found that a man who poss^ 
a ce rt^^" number of female animals must reject so many o c 
yoimg, that he can only with some difficulty replace every cow 
by one daughter, every marc by one filly. This is esp^ally tme 
in herd-book cattle; in most herd-books the convs exist only or 
about four or five years as registered animals, so that they o y 
average one daughter each. 

For this reason it is not possible to import a herd of cattle or a 
breeding group of horses, multiply the group, and them 

supplant an older breed. The only economically possible way 
to supplant an existing breed with a new one is by “grading up 
the old breed into the new. 

The way to do this is to cross females of the old breed 'vim 
males of the new one, to cross the hybrid females so produced 
with males of the new breed, and to continue this process. Ifwc 
stop using males of the old breed, and use only males of the n<^ 
one, it takes only a few generations of crossing to make the herd 
change over from the old level to the new. In four or five back- 
crosses most traces of the old breed arc lost, and the herds 
consist of fairly representative members of the new breed. 

98 
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The genetical explanation of what happens during the pro- 
cess is of some importance if we want to understand the process 
to change it where necessary. When we are changing one breed 
into another, we hardly ever know the genetical constitution of 
the two breeds; but we are sure that in regard to a great number 
of genes the breeds are identical, while they differ in a number 
of others. The genes for which all animals in both breeds are 
pure remain untouched during the change. As regards the other 
genes, however, the new breed may possess a number of genes 
tliat are lacking in the old one, or vice versa. Let us first take the 
case of a gene that is present only in the new breed. The first 
hybrids between the breeds will possess this gene, but they will 
be impure (heterozygous) in regard to it. To take a concrete 
example; when we are breeding a homed breed of cattle to a 
polled breed the hybrids will be polled. They will be impure for 
the gene in question, Pp. When we are crossing those hybrids 
back to pure males of the polled breed {PP), we have the cross 
PP X Pp- Half of the germ-cells produced by the hybrid will 
have P and half will lack it; but the pure polled parent {PP) 
will give factor P to all its ofispring, and consequently half 
of the back-cross animals will be pure {PP) and half will be 
impure {Pp). 

This is true of every gene that is present in the new breed 
and not in the old one. Let us suppose that we are crossing 
polled Angus catde, which are polled and black, to red Short- 
horns. The hybrids will all be polled and all black, but they 
will be impure for two genes, Pp, Bb. They will make four kinds 
of germ-cells, PB, Pb, pB and pb, whereas the pure polled Angus 
bull rvill make all PB sperms. The result will be that all the 
back-cross animals will be polled and black, but one half will 
be pure for P, one half impure, Pp, and at the same time one 
half will be pure, one half impure in regard to B {BB and Bb). 

The same is true of every gene that the new breed has more 
than the old, and the consequence of tliis is that the chance that 
one particular daughter of a purc-bred bull in any back-cross 
generation will be pure for one of these genes is 50 per cent. 

This means that when the two breeds differ in a great many 
genes, and when we compare one animal to her daughter in any 
generation, the daughter will be pure for half the number of 
gena in which her mother was still impure, or in other words, 
die impurity is halved in every generation. 
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The same is true in regard to all the genes whi* am prment 
in the old, hut absent from the new ^ ^ fi„t 

tachs a factor ^ f S’oUerm- 
generation arc all Aa, ihey ^^n^rrent without 

cdls iu regard to A, 50 per cent. wi*jl 5 ° back- 

A. This means that 50 per cent, of the young ^ I ^ b. 
cross generation will stiU have tins gene, 50 pM 
It can be seen from the foregoing titat both m “ gS 

that are present in the new breed and to genes ^ 
in the n™ breed the same is fr“‘^*'= “Lfo^the 

which the back-crossed generauons are still different f 
new breed is halved in every generation. „ill 

Thus, in a very few generations, repeated f b^n be 

transform any breed into any other breed with wlnc^ bvbrids 
crossed. If originaUy the breeds differed in 3a genes, th^ybnd^ 
will be heterozygous for all of them, but one back-cr 
tvill only be impure for 16 genes, htr daughter '7 f 
heterozygous for 8, her daughter for 4, and so on, so mat 
plctc purity will be reached in this case in six 
is so when no selection is practised; with selcctton the 
formation of the original breed into the new one is consider y 
hastened. , , _ 

In all instances of this Idnd wc are simultaneously ^ 

with genes that the ne^v breed possesses, and wth genes ^ a 
it lacks, as compared with the on^nal breed. Whereas 
progresring at the same rate, there is this difference between 
two groups of genes: wc can sec the presence of genes that arc 
derived from the old breed, but wc can hardly ever sec e 
impurity for genes which the new breed has more than ® 


old one. ^ 

Generally, when two breeds differ in very many points, tner 
is great probability that an approximately equal number o 
genes that differentiate the two breeds will be present in cac 
of the breeds crossed. This is important, if we want to judge the 
purity of the back-crossed animals, for instance, when we arc 
debating their registration in a herd-book. 

As far as the genes arc concerned which arc present in the 
original breed and not in the new one, and which therefore 
must be cUminated, wc can see the effect of those genes upon 
the quality of the back-crossed atumals. Purity, however, ^ 
progressing equally in regard to both sets of genes. For this 
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reason we can use resemblance to tlie new breed as a measure 
of purity. When the back-crossing has progressed so far that the 
graded animals have become typical representatives of the new 
breed, we can be reasonably sure that they are pure in regard to 
their genotype, and we need not hesitate to take them into the 
registered herds. 

This process of repeated back-crosses to a better breed is 
extremely useful in animal breeding. By its means we are able to 
transform a large group of animals of one breed into a wholly 
different breed in a few generations, and when we are dealing 
tvith polygamous animals we need only a very few males for this 
work. 

When at the beginning of the first world war a number of 
outstanding Belgian breeding stallions came to Holland into 
safety, those stallions were used in the provinces of Zeeland, 
Brabant and Limburg to grade up the local horses. In very few 
years the horse population, especially in Zeeland and in Lim- 
bmrg, was transformed in this way into excellent Belgian pure- 
bred breeding stock. It would have been absolutely impossible 
to multiply the few pure-bred Belgian horses in Holland and 
make them supplant the local horses in less than two centuries. 
In the way described the work was practically finished in ten 
years. 

It must be emphasized that this process of changing an exist- 
ing breed into a wholly different one by repeated back-crosses 
is one that goes on with great regularity in an automatic way. 
Selection of individuals resembling the better breed will help 
somewhat to hasten the work, but it must be remembered that 
even without any selection, repeated back-crossing to one breed 
trill change the population into that breed automatically with 
great rapidity. 

Grading up is the cheapest way of changing over the popula- 
tion of a certain kind of animal into one definite approved 
breed: but it must be noted that there is one drawback to tins 
system of breeding — the only thing that can easily be accom- 
plished by it is a complete change of one breed into one definite 
other breed. It is almost impossible to stop half-way. Wlienwc 
arc specially struck srith the excellent quality of the cross-bred 
animals, we trill not be able simply to stop there and make a 
breed of animals tiiat will show those excellent qualities of tlicse 
hybrids; we must go on to reach a condition when die animals 
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.vUl breed reasonably pure, and •h-. “reel 


svdl breed reasonably pure, ana ina 

reached untU the complete transfonnaUon into the n 

has been accomplished. _ when we arc pro- 

It is very important to hear this in mind when we m 

posing to ameliorate an existing breed of ammaU y 

it S some other imported breed; for if we 

way to make a success of the "grading up 

it all the way. this means that before we begin w ^ 

that the new breed, such as it is, is whoUy 

For example, when we propose to change a sm^ 
a breed of larger animab and when we want to 
of repeated back-crosses with a large breed, we ™ 
the sixe of thb large breed in its pure state is just the sue w 
wlnt our animab to attain in future. We cannot f“P ^ 
way, we must go on until the population is wholly 
into the new breed with, all its onginal qualities, goo 
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F or one reason or another it may happen that a 
group of animals consists of only a few individuals, and it fre- 
quently happens that the opinion of a geneticist is asked by 
breeders who have to decide jvist how to deal with such small 
groups. 

This case may perhaps be best illustrated by a few examples 
that have come to my notice, so chosen as to comprise instances 
of the most diverse kind. 

Of the several causes of the existence of numerically small 
groups, the most obvious ones are those in which the group 
consists of the renanants of an old breed or of an old, almost 
extinct species, and the opposite instance in wliich a new breed 
has recently been created. 

. At first sight it appears as if a small group must always be 
handicapped by its small numbers. In a larger group there is 
more scope for selection. In a large group, especially in a very 
widely-bred variety, there is more chance of the adaptation of 
sub-groups to the most diverse circumstances, and it is quite 
possible that a very small group may for some reason disappear 
altogcUier. There arc, however, a few advantages that every 
small group has over any of its rival and much larger groups. 
In the first place the very small number of individuals in such 
a group causes a rapid reduction of its potential variability. 
From a commercial point of view, the very rarity of any new or 
old breed or species may cause such a relation between demand 
and supply that the few individuals tliat comprise tlie breed are 
eagerly sought after and bring a relatively good price. 

A newly-created breed is an instance of tliis kind. IVhcn we 
produce a new breed of poultry, or pigeon, or dog, tiiis breed, 
103 
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provided n ha. reasonably good quaUd« w« 

onrt TTiU IS csocQallv noticeable with dogs, 
same reason, ims is especially ii«u riifrercncc be- 

It would seem as if there were „mbUshed a 

tween insunces in which a group of dog ovc ^miction, 
breed society to save a valuable local breed 
and others in which another group came “8=*“ 
ture a new breed. From die foUowmg 

be seen that such instances “= of 
Around I935» a number of dog lovers m th p < 
Friesland got together with the object of saving V ’ g, 

breeds, the Staby and the Wetterhoun. from ^e*|uby 

was ceruin exdncdon. Those breeds are closely alike. *e SUJ 
being smooth coated, die Wetterhoun curly coated, and Mm 

are used as farmers’ yard-dogs, and as hunting dogs. ^ 

is more common in certain villages, the Wetterhoun in • 
Separate stud-books were started, and very rigid 
were drawn up. in which the disdncdon between the tP“““ 
like Staby and the curly-coatcd coarser Wetterhoun 
phasized. When the men consulted me, I tried in vain " . 

vince them that it would be ever so much better to let me 
qualities of the dogs take care of themselves, to breed for m 
ness, for intelligence and hunting prowess, and I ^op ^ 
that if they simply registered every dog that went by the 
names, and restricted the choice of males to a few ouUtan B 
ones, “type” of the breeds would take care of itsem 
It was very curious to note after ten years, that the 
numerous of those two Fncsian dogs, the Staby, which was 
the hands of a great many show breeders and city men, oo 
withstanding its being selected for “Type”, has become 
mained) exceedingly variable. The Wetterhoun, on the 
hand, being in the hands of relatively few specialists, who nun 
polecats with those dogs in the dark of the night, has been 
selected strictly for work, and only a few famous hunting 
have been used at stud. Compared to the more numerous bree , 
the Wetterhoun has become very much more of a fixed typ® 
during those years, and comparatively speaking we now have 
one very typical and usefid water dog, the Wetterhoun, and a 
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very variable sccoad lot of dogs that go by tlie name of Staby. 
Part of this difference in results is certainly due to better selec- 
tion in the one instance, but I am convinced that part of the 
difference in results is simply caused by the circumstance that 
fewer males have been used in the Wetterhoun in every 
generation. 

Whereas in those two breeds, just as in the Corgy in Wales, 
we were dealing rvith a multitude of dogs of rather variable type 
in the hands of a great many small breeders who had been 
breeding those dogs at their farms for a very long time, it some- 
times happens that dog-loving enthusiasts want to re-establish 
a breed that has in reality disappeared as such. A very good 
case in point is that of the Dutch Sheep-poodle. Where over- 
population and the resultant pressure upon agriculture has not 
yet crowded out our shepherds and our flocts of sheep in 
Holland, those shepherds often used a smallish, shaggy, bob- 
tailed sheepdog, more or less lite a miniature English bobtail. 
Now the sheep flocks have gone as long ago as fifteen dog- 
generations at least, but those dogs still live on in the memory 
of those of us who have known them. Evidently the breed itself 
has disappeared as such. Nevertheless, it often happens that we 
meet an occasional mongrel dog that happens to show some of 
the qualities of the old sheep-poodle, although it must be evi- 
dent to anybody that tliere is hardly any possibility tliat such 
occasional dogs have really descended in any direct way from 
the old sheep-poodles. 

In 1946 a number of dog lovers in Holland came together, 
mainly at the instigation of one of our show judges, Mr. Toepoel, 
to save (or to re-make, according to me) that old national breed. 
Those dog owners all had one or a lew dogs they had found and 
bought in the most unexpected places, in towns, in villages, at 
cattle markets, dogs that reminded them of tlic old sheep- 
poodle. One day they were proposing to follow the ordinary 
routine, to incorporate as a breed society, to establish a score 
card for judges of the breed, and to make a herd-book section 
for this dog. This time I happened to be present at the right 
moment, and tire result after a few meetings was tliat tlic owners 
of those dogs followed my advice. They have established a herd- 
book and register in ivhich tli^ simply register a limited num- 
ber of dogs witliout any selection at all, namely, all those dogs 
tliat are called “sheep-poodles” by their ownen. I counselled 
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them to dose the renter “ do^l 

scribed, to register only pups bre"! p05 Jie, three 

the number of males in the breed to ^ few ^ posstme, 
rather than sht, but one rather than *7- ^“%““„Xent 
noon the individual, and to leave any score card till uie mon 

when out of the present chaos a fixed type ^TOriability) I 
a geneticist (see the chapter on the reduction of vanaomw 
could promise them that automaticaUy the breed wo 

aset of qualities of its oivn, and if the breede^ 

occasional male according to his mental ‘^fuablc 

obedience, good behaviour, they ^ vtry soon hav 
new house-dog with its own pecuhanucs, and a great ‘“1;“ 
will be extremely interesting to see the rKulri of tte «P“ 
and we can only hope the breeders wiU have the stt gi^^^ 
mmd to see it through during the first three or four 

^'\Vhenever any old breed or any 

reason has come down to a few dozca pxirC'brcd spMi rlnm 

must inquire what is the correct way to save tins bre 
complete extermination* Sometimes the number of i 

individuals is really very small indeed. A very cimom s 
is that of a few deer that only survived in the yards of one ^ S 
monastery in China, la this instance a very few specim 
survive in zoological gardens, so few, indeed, that comp c 
extinction of the species seems certain. . • v, 'ck 

Thb is not always so, for it may happen that just in the ni 
of time some few enthusiasts co-operate to savc^ the ^°^P' . ^ 
very good example is that of the American bison. 
seemed as if this species was doomed to survive only as a 
of small groups in zoolopcal gardens, the U.S.A. re 
Government stepped in. To-day several big herds of 
ammal have been established m suitable surroundings, and ® 
danger of extermination is well past. On the other hand, ^ c 
survival of the European bison is by no means so certain. During 
the second world ivar the last wild animab of this species 'vcre 
killed, and the species only lingers on in a few zoological gar- 
dens. When, some years ago, I discussed the status of the 
pean bison with some of the people responsible for its surviv 
as an inmate of our Europ^n zoolo^cal parks, I propose 
cross-breeding with the more numerous American bison 
‘ means of re-establishing thriving herds of this species. On this 
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Finandally. and i-rrjwJSlleTarrara 

““wgtmtSsfptSJh^ that 
btTmay somedmes be dicu>d=d by tenn-P^b^“ 
local jealousies and other thin^ that have S “ ^ave 

the quality of the animals. At first sight it see te 
one stiong breed society than two or three ^f^tj^ely 

generaUy realized that a heri-book group with only a relauv y 
Lull number of bulls has die enomous advanmge ove^any 
much larger group that the reduetion of '’“"f Pri*,a„d 
same attention to selection, is much more rapid. ^ „i„cial 

herd-book for black and white cattle m Holland is a p i 
affair, while Holland aUo has a general herd-book for 
rest of the country with many more cattle. It would be a 
mity if those herd-books amalgamated, as just . j 

group of Friesland catdc acu as a nucleus for bjeea 
furnishes most of the very best breeding sto(^ for the 
Holland, as almost any pedigree of Dutch black and 
cattle sviU show. In fact, 1 have repeatedly advocated 
up the Dutch herd-books into provincial groups, separatea oy 
watertight partitions, to obtain a reasonably quick rate o p 
ficatiou in this excellent breed. The Groningen herd-boo 
white-headed blacks is very small, and it is in danger o c 
absorbed by the National herd-book society. Again, tius am 
gamation svould be a serious loss for cattle breeding in Ho an 
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Adding One Gene to a Breed 


V/ hen we are changing over a breed_ into a 
second one by repeated back-crosses to good 
dus second breed, we have seen in a 
the process is an automatic one which goes on and on unui 
transformatioa is complete. ... — 

Rapidly, purity is attained for all the genes that arc p 
in the new breed, and the genes that were present in c 


breed only are lost one after the other. 

In a general way, it can be said that there is no way ot arrei- 
ing tlus process at any given point, but there is one excep 
to tlus; it is possible to retain one of the genes derived from 
original breed, while transforming the mass of a n i mal s into 
other one. In tlus way it is posriblc to add this one gene 
make-up of the other breed. Wc can take one single gene uv 
any breed in which it is present and put it into the set of genes 


of any other breed. . 

A few examples will illustrate this process. In poultry 
one gene that has the effect of changing black colour 
and black markings into white ones. When I mated the »Vhi c 
Leghorn with the Bamcvcider, which has black markin gs on a 
browTi background, the resulting hybrids were white in col^ 
and intermediate in different respects between the two breeds 
crossed. \Vhcn those hybrids were mated back to Bamcvcld^j 
half of the young possessed this white-marking gene, half o 
them lacked it. I now proceeded by retaining one or a fc'^ 
white-marked birds in every generation and mating them 
to pure Bamcvclders. As a result the animnt^ gradually assum» 
the genotype of the Baincvdder breed. The hens commenced 
to lay dark-brovm eggs, the comb, the general conformation 
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and all the characteristics of the birds became those of the 
Bamevelder breed. As, however, in every generation I chose 
only birds with white marldngs, the result was tliat in a few 
generations the colour of the animals became brown widi white 
markings, and in seven generations it could be said that a new 
colour variety of the Bamevelder was created, the Jubilee 
Bamevelder. 

When it is desired to produce a polled variety of some homed 
breed of cattle we have to proceed in this same way. Breeding 
our animals wth some polled breed will give us polled hybrids, 
and breeding those back to our own breed will give 50 per cent, 
polled and 50 percent, homed calves. By continuing the line from 
polled animals only and re-mating them to pure-bred animals 
of the breed to be dehorned, in six or seven generations we will 
have attained our end, the production of a polled variety. 

Another example from poultry is that of the blue breeds. 
When we desire to produce a blue variety of any black breed, 
the ordy thing we need to do is to cross our black breed with 
some blue one, and to breed back and back to the black breed 
from blue indiwduals. In this way some of my correspondents 
have produced Blue Cochin bantams and Blue Orpingtons, in 
every respect equal in quality to the black ones. 

The last example I want to give is that of the auto-sexing 
breeds of poultry. I produced an auto-sexing Bamevelder, and 
an auto-sexing Leghorn by adding the so-called “barring” 
factor to the Bamevelder and the Bro^vn Leghorn respectively. 
In tliis breed the effect of this added gene is the possibility of 
recogni^g the sexes at birth. 

When, at the end of a series of baek-crosses, we have suc- 
ceeded in produdng animals that are equal to pure-breds of our 
original breed witli the exception of the one factor added, we 
must remember that all those individuals are heterozygous. As 
in every generation we have mated a heterozygous animal (Aa) 
with one svitliout this gene A, all the animals showing the gene 
A me heterozygous, impure, for A {Ad}. When we want to “fix” 
tliis character in the breed, we svill now have to produce a 
number of homozygotes. The way to do tliis is to mate hetcro- 
zygotes together. After producing a number of Jubilee Bame- 
vcldcrs wWcli all have had one brown parent and whieh for tliis 
reason arc all impure {Aa), we have to mate those animals 
together. This wilt give us a number of animals in which out of 
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every four three tvdl show the pr^enee 

one will lack it. The next mov , us a pro- 

animals. The breedtng together of via X ™ ^gj^ulty now 
portion of one ^ to two Aa f^Tes. This we 

consists in distinguishing the .4 i we mate a number 

can best do by test-maUngs. ^at Vi . 

of white-marked birds with brown brown 

6nd that most of them will give botli whiU-ma 



Fio la— A iimpleclaisroom experiment to lUwlralc 

coloured Uquid (or preferably coloured »eedi, luch a» gcTO ceU»)t 

men of one breed, u emptied into two gimilar gUrsei one of 

One of tbcje u rejected, the contentt of the o^cr one ^nung gern* 

teveral tumblen half full with colourle** liquid or white u repeated 

cell* of the second breed, to form the hybr«l generation. Th® 
until the Uquid u colourles* or until all the bean* happen to be wniw. 


clucks, but that there arc a few that from such test-matings ^ 
give white-marked ones only {AA x ca = too per cent. * 
ilfl X fld =* 50 per cent. i4a and 50 per cent. aa). . 

When next we continue breeding from the homozygous 
only, from those birds wWch when mated to brown gave no 
but white-marked clucks, we have fixed factor A into the n 
breed once and for all. . - 

In the same way there comes a moment in the 
a breed of cattle when we will have to breed polled ^ 
together, and to test-mate the resulting polled calves in o 
to find the desired homozygous PP ones. 
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In many instances in which we make use of this system in 
adding one factor to the make-up of an existing breed, fhdng 
the breed will not be necessary. There would be no real object 
in producing a pure-breeding strain of Jubilee Bamevelders; the 
white-marked animals are bred for show purposes only, and they 



Fig. 13,— Ah exponent illmtratiog the addisg of one gene to a breed. Every- 
thing ii arranged as in Fig. i3, with the exception that a spoon is placed in the 
first tumbler. When the contents of the glass are divided over t>^o glasses, the 
spoon is present in only one of them. At every division the tumbler containing the 
spoon is chosen and the other one rejected. The experiment is continued until 
tne spoon is standing in a glassful of exclusively white beans. 

can very well be mated with ordinary black-marked ones in 
every generation. 

Adding one single gene to the make-up of an existing breed 
is really of the greatest use in producing novel show breeds in 
such animals as dogs, poultry, rabbits, etc. Only in rare instances 
will it be really economically important to add just one gene to 
the make-up of an e:dsdng breed. 


NOTES 

In this chapter the geneticist gets down to hts conjuring tricks with the aid 
of a useful lecture table illustration. In the last paragraph^ Hagedoom is 
delightfully frank concerning the practiced utility^ or rather the inutility, of this 
particular trick. 


Chapter Seventeen 

Breeding-out Recessive Qualities 


T he more I see of pure-bred stock, the more d 
seems important to me to tell the breeders how to ^ 
undesirable impunties. One of the mam ^ tlie 

criminate cross-breeding we meet m all soru of lives 
fear of "degenerauon" by in-brecding. Evepr i'."'' . 

breeders I find that what they are most afraid of is 
typicaUy inferior individuals, malformations in P® . 
ness in foals, bUndness in dogs, hernia or atresia am m p g • 
Observant breeders aU know that such aberrauons aw m 
more frequent when relatives arc mated than when tn 
used is quite unrelated to the females. . 

It is not surprising if such observant breeders, 
avoid trouble of this kind, go to the other extreme, and c 
a male that is sure to be unrelated, if necessary a male ® - 
some other family or even some other breed. The populanty 
the Hampshire Reds m the years after the second war ( a 
now speaHng of England and Holland only) is mainly nc 
the fact that the breeders of Rhode Island Reds use them 
“amehorate” the R.I.R. stock. I am very glad to say that 
progressive breeders are nowadays beginning to rcaliae ® 
danger of such cross-breeding, wHch produces a high degr 
of heterozygosity in the stock. 

Breeders of sheep, water buffaloes, fowls and ducks, who arc 
starting closed nuclei in many countnes to bring the average 
quahty of thda" stock up, often have great difficulty in findi^ 
fouudaUon stock that have been highly selected and close-bred 
for a good many generations, but even when they find sue 
material it is generally still pving all sorts of ciiUs. Almos 
always such culls are individuals deficient m important genes. 

IM 
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There is no clear-cut line of demarcation between cases in which 
the embryo or new-born animal dies because of such a defi- 
ciency, and those in wliich some “bad doers” are occasionally 
born. When anyone starts in-breeding with stock that have not 
been in-bred before, the production of unfit individuals is tlie 
rule rather than the exception. In fact, this is how some of us 
obtain most of the aberrant stocks svith pathological abnormali- 
ties, like Hammond’s thin-haired rabbits and dwarfs, and my 
blind pigeons and epileptic animals. 

This impurity in regard to very important, vital genes, as 
well as for genes that help to bring about typical racial char- 
acters is a subject that we consulting geneticists know only too 
well from the experience of the breeders who ask our advice. 
It is astonishing to see how often even males with pedigrees of 
great length are shown up as heterozygotes, Friesian bulls that 
give dun-coloured calves, Essex or Wessex boars that give solid 
black or “trippling” piglets. Redpoll bulls that, when mated to 
cotvs of another breed, are shown to be heterozygous in respect 
to horns or spotting or even both, famous stud dogs siring blind 
or deaf or deformed pups, or pedigree cocks that give rise to 
deformed or very weak chicks. 

The question that is often asked is just how to rid the strain, 
or even the whole breed, of such hereditary faults. 

On paper, this question is not difficult to answer. Elsewhere 
in this book (p. 146) we have discussed how sometimes it will 
pay to test-mate a number of breeding animals by means of 
deliberate matings to partners that lack the important gene. A 
very good example of a case where this has been actually done 
by some breeders is that of the single-comb Wyandottes. How- 
ever, tlie matter is seldom as easy as this, and even in the sim- 
plest instances it may be practically impossible to use the method 
of direct test-matings. 

What we need is a method that can be safely applied in 
every instance, and which is so designed as to reduce the 
proportion of handicapped young stock born, from generation 
to generation. 

I think a few examples in which I was consulted may best 
illustrate both the principle and some of the peculiar difficulties. 
In some breeds of dogs it sometimes happens that a few pups 
develop blindness, and in at least two other breeds pups often 
become stone deaf. In both examples it is evident from the 
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pedigrees and from analog ^Itr^S wiS 

£f 

common ancestor. When such widespread. 

=rrs2'-.:;-5nsr.»t‘,b 

When they become more frequent the “^o Uiat 

run in certain families in the way all ^ and others 

is to say that certain maungs pve P“P* ted to 

never do. while in the beginning abnormal bitches m 
unrdated studs produce apparenUy normal htio"- 

In such instances the remedy diat sceim , 

mating. To be sure that an individual pedigree dog « horn 
zygous in respect to the gene the bUnd (or af the 

cient in. all we have to do is to mate him or her to 
abnormal animals, for if such matings give only normal P P 
the tested individual is free of the "inherited taint . , . 

we could establish a group of tested horoozygotes that 


be guaranteed free. . .j i ^.rtSfrree 

1 have had numerous discussions with individual pc ^ 
breeders and stud-book officials on the subject, and 
come to the conclusion that this is not at all what I could , 

mend. There arc several reasons for this. It so happens 
blindness occurs in three separate breeds of show 
hereditary deafness in two others in a certain group of re 
very popular with handlers and exhibition breeders. A rw 
sodety sponsoring one of those breeds would almost certai y 
injure that breed in the public view by the mere fact ^ 

discussing ways and means of breeding out a serious detect 
progressive retina degeneration. The dog-buying pubhc wo 
simply turn away from that breed with all the blind^ pups, an 
patromze some other and very sinular breed in which no 
about blindness has yet leaked out. Again, think of the numbe 
of pups, slowly getting blind, that would have to be deliberately 
produced to test-mate sever j studs to blind bitches, and 
ally of the number of valuable fashionable show bitches tha 
would have to be test-mated to blind studs. Would we be sure 
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that all the perfectly normal full-gro\vn pups born from one 
blind parent, would be killed or castrated? 

I have thought of a quite dilferent way out of the difficulty, 
and seriously recommend it to all the breeders of dogs in which 
such hereditary deficiencies occur, but especially to kennel-club 
councils in every dog-breeding country. This plan is based upon 
Wriedt’s scheme of testing studs. 

Wriedt, in his admirable Norwegian animal-breeding book, 
proposed deferring the granting of final registration certificates 
to males in agricultural animals until such studs had been mated 
to a specified number of their own daughters and had been 
shown to give no abnormal or grossly-inferior offspring from 
such matings. Without going into the merits and demerits of 
this scheme in respect to all species of domestic animals, I only 
desire to point out here tliat it offers a very satisfactory way out 
of tire enormous difficulties met with in certain groups of 
animals, notably dogs and pigs. 

With dogs it would be quite feasible to establish a voluntary 
registration scheme for stud dogs, quite apart from and in addi- 
tion to the usual registration system. Such a registration scheme 
would have to be open for males of all e.'tisting breeds, and any- 
body should be free to propose or not to propose his valuable 
stud dog for the granting of the special certificate. This certifi- 
cate should be granted to a pedigreed male dog, that had been 
siring a given number of litters, or a certain number of pups 
from matings to his own daughters, when inspection of these in- 
bred pups had shown them to be all free Crom defects due to a 
deficient genotype. In establishing such certificates, the govern- 
ing body, breed society or kennel club, should carefully discuss 
the advisability of naming specific defects, such as deafness, 
dwarfness, retinal atrophy or night-blindness, undershot jaw, 
cleft palate, cryptorchidism, claustrophobia, etc. Very good 
reasons could be adduced, I think, for leaving this to the dis- 
cretion of the inspectors appointed. 

If application for the certification were left optional, it might 
be that breeders of Poodles or Boxers or Chows, would use tlie 
scheme to certify homozygous studs in respect of inherited de- 
fects altogether different from those considered by breeders of 
Setters or Spaniels. I venture to suggest that tliose who know 
would soon patronize the certified fashionable studs, in Setters 
as Well as in Poodles, in Airedales as well as in Chows. 
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Show breeder 

anxious to advertise the f lii^tcrozvffous in respect of 

studs in the jlog should possess (carry reces- 

important genes every normal “ 8 . » ^ j. same 

slve lethals, to use =^. ""ts^huSttpTrScular defects to 

reasons 1 have rebamed frona attnbuO g p 

particular breeds in which I know dog-breeding 

'otWriedt'sschemeisthatltwouldmo^ 

puhUc which studs were safe to use, even m of freedom 

such obviously ‘'lT““'“^f“^^^„ncrs at the time of regis- 
from recessive traits asked ^ to be esub- 

tration. A voluntary general cer^ration schc 
lished for all breeds would be entirely s,ery radical 

iaing of males of tested punty may fontmted, and 

measure, for obviously it would leave the ^ several 

it would have to be done over and “8““ ““ S 
generations. It is. however, a very sound aa- 

tinued use of homozygous males only m a v ^ o^almost 

tions bring down the incidence of abnormal births 

''°S°Lh animaU as pigs and dogs individual ^o»i^ 

enormous influence upon the next generauon. ^ ^s 

to use proven breeders, males that are certainly h yg 
respect to a gene we want all the individuals to Imvc, P 
portion of their of&piing that are soli impure ivill be only ^ 
pet cent, of that of the preceding gencraoon. Every homozygo 
female used will produce loo per cent, homozygous young, 
every heterozygote will ^vc as many pure as impure, 
cent, of the population arc heterozygous {Aa) ana tnc 
homozygous {AA), a homozygous male mated to such e 
Will produce a group of daughters of which orfy 5 
be heterozygous, and so on from one generation to the nex 
the meantime such proven homozygous males will never, e 
from heterozygous females, pvc any aberrant (oa) youug s 
I have elaborated the case of harmful recessive , 

the dog, and the quickest way in which they can be 
In other, and econonucally more important, animals 
mating males to thdr own daughters is of the greatest u ^ 
when the potential variabiUty in the stock is low (in other wo 
when the stock has been sdected and pure-bred^ for a lo 
time). As long as there is plenty of variability, as in breeds 
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which much cross-breeding has been practised (in cattle, sheep 
and poultry), the ordinary system of progeny- testing males by 
mating them to a good random sample of females that are not 
necessarily related to them, is good enough (and gives quicker 
results). When, ho\vevcr, we arc? dealing witli rare and at the 
same time serious aberrations, tlie proportion of heterozygotes 
in tile breed may be so low that only matings to closely related 
groups of females will help us to recognize the “carriers of the 
recessive trait”. In such instances it certainly pays to stamp out 
the taint before it has made too much headway. 

NOTES 

Chapters Seventeen and Eighteen deserve the most careful sludy^ and one 
does not require to be a geneticist to appreciate their importance. Everyone 
concerned with animal husbandry is aware of the frequent occurrence of what 
is somewhat oagiuly termed a **bad doer'*, the ammd that eats but does not 
grow; that succumbs to parasitic infestation where others in (he samefock or 
herd continue to thrive; a loss to keep yet a puzzle to dispose of. Admittedly 
many of suck **bad doers" are ike result of ilUnouriskment or accidental in~ 
fection in early life, yet they are more frequent in some lines of breeding than 
in others; more common among the progeny of certain sires than in that of 
others. Undoubtedly, hereditary factors are involved, and as regards those 
hereditary factors Hagedoom was right when he wrote: 

"There is no clear-cut line of demarcation between cases in which the 
embjyo or new-born animal dies because of such a deficiency, and those in which 
some "bad doers" are occasionally bom." 

Without being unduly specific concerning the hereditary factors involved or 
the hypothetical mechamsm of their inheritance, it is obvious that before any 
sire is used extensively it is really essential to be as certain as is humanly 
possible that he leaves stack that docs thrive and is without recognisable 
defects in any character of economic importance. With the development of A.L 
the importance of taking such precautions has enormously increased. 

The Norwegian geneticist, Wriedt, advised test-mating a sire with a 
specified number of his own daughters as means of detecting any such hereditary 
defects, and Hagedoom whole-heartedly agreed with that recommendation. 

It seems to me that at/ur authorities interested in livestock improvement, in 
paying less particular attention to the advisability of such methods of preliminary 
test-mating of sires destined for extensive use through A.L, are accepting risks 
which, in view of geiutical Knowledge, need not and indeed should not be 
accepted. 



Chapter Eighteen 


Lethal Factors 


In many domesUc animala and birdr, 
often produced thit have not dm reqmrrf tg 

for a complete normal development, and some y 

animals arc bom alive that SL out the 

To give a few examples I might begin by ^ings 

ftequency with which in htters of swme ^ S 

ate bom that never do well, and ate mosUy M 
recognized. The fact that this sort of ° accidents 

shoidd not be taken as proof that we are deahng ^ 
dutmg pre-natal life, as the same sow that wU , 

of these weakhngs when mated with a boar “P ° j 
wiU never produce such aberrant young when she is tKer 

a boar of a different breed. Crested canaries mated mg 
will always produce a few yotmg that die as soon as » 

because the top of the skull is defective. In ducks cxacuy 
same thing is found , ,-h 

Among cattle the best-known lethals are bulldog 
are always bom in a certain proportion of instances 
Dexter-Kcrries arc mated together. In sheep and goatt, ^ 
with abnormal feet and legs, or with abnormal sexual ’ 

arc often produced in certiun breeds. In sheep I saw a 
family of cross-bred sheep on the island of Wieringen some Y 
ago in which the legs seemed amputated. These lambs ^ 
produced by one ram when mated vdth his mother and sis 
In horses, foals arc sometimes bora with atreda aiu, 
aberration in which the gut ends blind, so that they die m o 
or two days. In mice, rats and guinea-pigs I have seen many 
diverse cases of lethal genotype among the young. ^ 
Different categories of breeders attach more or less imp® 
120 
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ance to the production of aberrant offspring in their animals. 
The pedigree breeders, who are out to sell breeding stock and 
to register their animals in herd-books, are very apt to minimize 
the importance of lethals. It hurts business to recognize the 
importance of those things, and nobody forces these breeders 
to publish the birth of aberrant young animals — which simply 
disappear, the breeder trying to forget all about them. The 
value of a few outstanding animals produced by pedigree 
breeders over that of tlie second-rate ones born from the same 
parents is so great that one or more totally worthless animals 
among a great number of almost worthless ones is no great loss. 

Ordinary breeders, however — the majority of users of the 
stock — attach much more value to absence of lethals, as the 
production of dying foals instead of saleable ones, or bulldog 
calves instead of healthy ones, is simply so much economic loss. 
It is time for the ordinary run of animal users to realize that it 
is relatively simple to purify the breeds of domestic animals in 
regard to such defects, so that they can force the pedigree 
breeders to give sufficient attention to the subject. 

Breeders of swine are not at all surprised when two or tliree 
piglets in a litter are defective. One may be bom eyeless, an- 
other may have a hernia, or thick, stiff forelegs, or no anal 
opening, or a piglet may be simply sUly or unable to stand up, 
or one may keep squealing — it is “unhappy inside” as some 
pigmen say. It is very significant that a sow which, when mated 
to a certain boar, produces a few of such wasters, when mated 
to another boar, especially to one of a different breed, will not 
produce anything but healthy, normal piglets. 

In poultry lethal factors may be responsible for many chicks 
dead in the shell. This is of not much account to a pedigree 
breeder, but it may be a source of considerable economic loss 
to the hatchery-men. Here again, it is significant that the same 
hens which produce a lot of eggs yielding “dead in the shell” 
chicks, when mated to a male of a different breed will give 
almost none of these non-hatching chicks. 

In all those cases we are dealing with the same sort of thing 
that is also responsible for the birth of red calves in a black 
breed of cattle, or for the production of black lambs in a white 
breed of sheep, namely heterozygosity in respect to an important 
gene. This can be seen from deliberate experiments, such as I 
have been able to make with my small laboratory animals, but 
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also from the proportion in every 

«;s.s;£=2” . - *= 

portion is much less, probably one « „otype 

^ In all the cases where aberrant yo g * ^ deaUng with 
are often bora, we must , ^.jmals must be hetero- 

heterozygon^; part of our bes germ-cells 

zygous for important factors, „nduce aberrant young 

TfosVwem bnow very bttle about 
apt to think a bull that gets a red 

as one that has got very many ted ones. They arc p jgiets 
that as hernia in pigs is tare, a boar be patrolled 

withhemiaisnotvctyrauchtoblame,andsboiddb P . ■ 

by the pig breeders if the quaUty of hts normal oUspnng 

®°ln reality we should remember that in such a 
boar one half of his germ-cells only are <>f “V “ly, 
half being wortUess. It such a male ^ „ong 

he must give 50 per cent, of impure daughters ag > 
lliosc that arc not personally aberrant. of 

Wherever progeny tests arc made to examine the 
the oflspring of apparently good males, they srmul a „ 
utilized to rccogmze the males heterozygous for 
necessary genes as distinguish normal animals from ^ 

ones. If the heterozygous males are not recognized, or 
impurity b glossed over so that they keep on producing a 8*^^ 
many ofispring, they can do an enormous lot of harm to 
breed. . . . j 

How b it possible to guard a breed of animab against the 
influence of sires heterozygous for vital factors? We mus 
member that in the ordinary course of breeding wc n^y ® 
recognize a heterozygous arc at all. The impurity may be ne 
in the breed and due to cross-breeding or to a mutation, 
in thb c\cnt all or almost all females arc homozygous, ^ ^ 
when mated with the heterozygous sire their ofispnng are no 
nul. In such a case Uic male, when unrecognized, may spre^ 
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the impurity far and tvide in the breed (half his children are 
impure!). 

How can we safeguard ourselves against such a thing? The 
very best test for breeding quality in a sire is derived from the 
result of mating liim with a number of his own daughters; for 
if a male happens to be heterozygous for a vital gene, half his 
daughters must necessarily be also heterozygous. If we mate him 
with a number of those daughters the matings with the hetero- 
zygotes must give 25 per cent, of aberrant young stock. 

This test is especially adaptable to swine. Boars can have 
many offipring from their own daughters before they are very 
old, even before they are generally recognized as good or 
mediocre breeders. Mating a boar with half a dozen of his own 
daughters would surely bring out the fact that he was hetero- 
zygous for any of the vital factors, if such were true. In actual 
breeding practice the mating of a boar tvith his own daughters 
is often done. 

Test-mating a sire tvith his own daughters is not only a good 
way to recognize heterozygosis in respect to vital factors, but it 
brings out every sort of impurity. If we simply examine the 
progeny of a sire it is possible that this animal is heterozygous 
for genes for which all the females he is mated with were pure, 
and this is especially true when a rare impurity is concerned. 

In many animals it would be quite feasible to make a regtrlar 
routine of mating all promising sires to a certain number of 
daughters. This could be worked into a system of official recog- 
nition of sires, or into a registration system. It would be possible 
to register males temporarily, but to defer official final regis- 
tration until the moment we know that they did not produce 
any aberrant offspring from a certain number of daughters. 
The inventor of the system is the Norwegian Christian VVriedt, 
one of the first geneticists to understand the needs of am'mal 
breeding. 
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In-breeding and Out-crossing 


T 0 introduce the subject of ”how 

like to quote a few sentences I once asked 

tom a conversation between fanaen. ^ young , 
what the difference was between m*breeding and 


what the difference was between m*breMing auu ^ 

An older one answered: “Well, son, it s this way. V , 


An older one answcrca; »»cu, - vou 

on breeding with your own birds, and you 


on orecuiug wiw* ywus w.... , 

speak of line-breeding. But if your results arc bad, you 

blame it to in-breeding.” totrcthcr 

In a sdentific sense, in-breeding means the maU g ^ 
of animals that are closer related to each other . tiy 

pmrs in the group to which they belong. Speaking s 
each animal or bird has two parents, and the sanm is 
parents and so on. Worldng back through a number o 8 . 

tions, the number of ancestors doubles with each 8®^, . 
and very soon we come to numbers that are very muc B 
than the number of animals or birds in the species. 'nvals 
For tlus reason, it is practically impossible for two am 


belonging to one group to be unrelated. One method 

? _r._ 1 i: thf. number o 


ing the intensity of in-breeding is according to the num 
actual ancestors compared with the theoretical number o 
grandparents, eight great-grandparents and so on. We 
speak of the “loss of ancestors” in the sense of the 
authors on the subject. For our present purpose this method 
suffice to give us a general idea about in-breeding. ^ 

intentivc system of ixi-brceding is the repeated mating u 
brother with his full tister. In the ancestry of every 
such a line there arc only two grandparents, instead of lO » 
only two great-grandparents instead of dght, and only 
ancestors in every generation further back, instead of 
124 
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theoretically possible i6, 32, 64, 128 and so on. In plants, self- 
fertilization still more rapitUy reduces the number of ancestors, 
but none of the domestic animals are self-fertilized. 

In some of the habitually self-fertilized plants, this strict in- 
breeding has gone on from immemorial times; in animals the 
best examples of strict in-breeding arc found in the laboratory 
animals. Drosophila have been in-bred, full brother with full 
sister for hundreds of generations in some series. But even in the 
higher animals we have examples of mice and rats and guinea- 
pigs being in-bred, brother witli sister, for several dozens of 
generations. 

Strict in-breeding differs from random mating especially in 
that an in-bred line is isolated from the rest of the population. 
In an in-bred line we are, genetically spealdng, concerned only 
with the variability that e-xists within this isolated group, and 
with tlie inherited factors present in the material and not with 
factors present in other groups. 

If we take the number of factors for which all the animals of 
the group are not alike and homozygous for our measure of 
genetic variability, the total potential variability, we must see 
that only mutation Can heighten this potential variability. 

It is a well-known fact tliat in-breeding quickly lowers the 
potential variability of a group. Why should this be so? If we 
start in-breeding with one pair of animals, this one pair may be 
heterozygous in regard to a number of genes. One of the two 
may be AA, the other aa; one may be AA, the other Aa. Both 
may be heterozygous for A (Aa), or one may be heterozygous 
Aa, and the other one aa. In all those cases, young of different 
here^tary make-up are born from such parents. If in our cal- 
culations we reckon with a progeny of twenty young from each 
maUng, with all those young again breeding, it is clear that 
such a group can never lose its original potential variability. 
Why, then, should in-breeding generally lower the potential 
variability of a group? 

The fact is that in reality a group in which only brothers and 
full sisters mate together could not go on expanding indefinitely, 
alorcovcr, wc are not concerned witli such a group within 
wliich strict in-breeding is the rule considered as a whole, but 
wc are concerned \vitli tlic separate isolated lines in such a 
group. For in such a group at any generation a number of 
parallel Hues of descent exist, which have no lateral connexions. 

K 
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In considering what happens “ '^^“^p‘ir''TOththeone 
nn m-hred hne, we mnst '^‘itpmis of offipnng 

pair of parents they share and with <>“ o^ P of 

Lt wiU procreate If we do this, f gene there 
animals are not both will be alike and homo- 

is a chance that a pair of their ofhpMg happens the 

aygous m respect to that gene Every time 

potenual vanabihty ivdl drop one pom ^ 

Apair.consistmgoftwoheterozygotofordtdiiMa j 

have 05 per cent. AA. 50 per cent non wdl 

ofEspnng The possible pairs of animals m this g 

1 AA3ndAA One chance m sateen 

II AAandAa Four chances „ »i 

III AA and aa Two chances , » 

IV Aa and Aa Four chances , » 

V Aa and aa Four dianccs „ m 

VI eaandaj One chance »» >» 

Even if both parents of a pair of young are 
the chance is one m eight that the new pmr will 
homozygotes, either both AA or both aa This m is 

if both parents are heterozygous, the potential 
divided by eight m one generation \Vben one 
zygous, the other heterozygous {AA + Aa or aa + 
diance that the pair of the next generation will cons 
homozygotes will be one m four Only when one ^ren 
the other aa, the potential vanabihty m regard to that on g 
will be kept at its former level during that one genera o ^ 
This means that if we start from one pair of nthcr 

continue in breeding by mating a full sister with a full r 
in every generation, the potential vanabihty of this group 
steadily diminish automatically ^ 

In regard to every frurtor for which the members 
are not alike and not both homozygous, the chance is abou ^ 
m five to six that the next pair will be homozygous ^ 

that m six to ten generations of contmued m breedmg of bro 
with full sister, the hne must be practically pure for all the gen ^ 
present m the stock, unless mutations have been very frequen^ 
\Vhere the in breeding is not as stnet as all this, but where ^ 
herd is closed to cross-breeding witn griimals outside it a 
matings withm the herd are random, the potential vanab ity 
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still dimimshes. The smaller the herd, the more intense is this 
falling of the potential variability. Lush, in his Animal Breeding 
Plans, gives a very usefiil formula. The reduction of the potential 
variability in such a population is just a little smaller than 

JL + • here M is the number of males, and F is the number 

8M oF 

of females that have adult descendants in each generation. In 
a group where three males and six females exist, this would 
come to -jir + ■^, or one-sixteenth. It can be seen that reduc- 
ing the number of males in a breed (see the chapter on arti- 
ficial insemination) helps to reduce the impurity in a breed of 
animals. In a group where in every generation there is only one 
male to six females, the reduction of the remaining potential 
variability would be i -f or about one-seventh. 

We have seen that in-breeding reduces the potential vari- 
ability of a group; but we know that, paradoxical as it may 
appear, in-breeding heightens the apparent variability. To ex- 
plain this we must remember that in a population in which 
the majority of animals are homozygous, AA, a few hetero- 
zygotes may exist (Aa). Where the mating is wholly at random 
and where no difference is discernible between these hetero- 
zygotes and the homozygotes, almost always such heterozygotes 
tvill mate with homozygotes. From such matings 50 per cent, 
of the offspring will be again heterozygous, but in every genera- 
tion the chance of two heterozygotes mating together is rela- 
tively small. When in the population one individual only out of 
every n is heterozygous, the chance that two heterozygotes rvill 
happen to mate together is one to n squared (I/n>). This means 
that if I per cent, of the population is heterozygous, only one 
mating in ten thousand rvill be bettveen two heterozygotes. 

When, however, in-breeding oceurs, everything changes. A 
hetcrozygotc, when mated to a homozygote, will produce 50 per 
cent, heterozygotes. When we mate a brother with his full sister, 
it may happen that one of tlie parents of this pair is heterozygous, 
and if tliis is so there is one chance in four (25 per cent, chance) 
that our pair consists of two heterozygotes, and will therefore 
produce some young lacking tfie factor in question. 

When no matings between full sisters and brothers arc made, 
but only between first cousins, Uic common grandparent ofsuclr 
a pair may be heterozygous, and in such a case it is possible 
that caclr of the two mates has a heterozygous parent and is 
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domestic ammals many almost any stock 

genetic factors. For this reason m-breedmg m ttimos^ny 

Li produce a cermin proportion °f bfS-MeMing is 

mat is knorvn as ■‘degeneraaon” “ ^'”mlny 

nothing else but tins Phenomenon. Expemne m ^ 

animals and plants have shown J,nal van- 

after in-breeding is really caused by L illustrated 

abiUty, heterozygosity of the matoal.Thn u y 

by the fact that long-conUnued >“-h/?“Mg m=*cs ^ 
resisunt to the degeneraung effect of m-breei^> 
ing-resistant”. Plants such as wheat, peas, beans, 
ferfUzation is the rule, are very resistant. All ^ 
mice and tats for experimental purposes have our m- 
resistant stocks, in-bred, brother with sister, for 5 . 

generations. In such families of mice, no bad effects 
breeding arc ever noticed; but this does not mean 
general arc in-breeding-rcsistant. On the contrary w ^ 
starts to in-breed mice, all sorts of undesirable, untnnl y, ^ 
tile and unhealthy individuals arc almost sure to crop up m 
first generations, , . . 

It is very probable that many breeds of domestic anim 
practically immune to bad effects of in-breeding 
been in-bred so intensively that they arc very pure. I ani 
ing of the wlntc-crcstcd Poland fowl and of the Black i*an 
pigeon, and similar breeds. . r 

The bad effects of in-breeding, being due to heterozygosity^^ 
the stock, are nmnly due to cross-breeding in carli^ 
tions. This is one of the paradoxes we meet in this 
In-brecding produces variability and the production of it 
desirable individuals, but the only remedy is not out-crossing» 
which lays the foundation for much more impurity* but mo 
and long-continued in-breeding. 

In my long co-operation with animal breeders of differen 
kinds one thing stands out prominently, as far as in-brccdiog 
and its results arc concerned: there is a very close connexion 
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between the value put upon different qualities of the animals 
by the breeders, and the qualities in respect to which degenera- 
tion is noticed. When a group of breeders are using in-breeding 
as a means of purifying a breed which they value chiefly for one 
certain quality, the breed will always improve in respect to that 
same quality, and no degeneration in this respect will ever be 
noticed. If any degeneration occurs, it is always in respect of 
some quality that has been neglected. A few examples will make 
this clearer. 

In the white-crested Polish fowl the breeders are always try- 
ing to improve the size and the shape of tlie topknot and the 
length of the feathers. In-breeding has been very common in 
this breed. The breeders have always used their most outstand- 
ing birds for breeding, and have not been concerned very much 
with fertility. If a hen laid only a few eggs, they would not think 
of scrapping her for this reason. One of the results has been 
that the breed has greatly “degenerated” in respect to egg 
production. 

In egg-laying breeds of poultry, such as tile Light Sussex and 
the Rhode Island Red, some of the very best-laying strains have 
sadly “degenerated”, as far as colour and show-characters are 
concerned; but in the meantime the fertility has been greatly 
improved. 

It is the great drawback of selecting animals for a few special 
qualities instead of for all-round excellence which causes the 
“degeneration” in respect to neglected points that we see in so 
many breeds. In real show-breeds we often meet -with this sort 
of thing, but even the selection of animals with an eye to pro- 
duction can lead to degeneration on other points, when the 
selection is too one-sided. Here lies the danger of laying- tests for 
poultry, selection of dairy cotvs for yield alone, etc. 

In-breeding is the only means of getting purc-breeding* 
groups. The breeders, however, should realize that the purity 
that is the result of in-breeding is due to the system of mating 
related animals, whereas selection only gives direction to this 
process. While the group becomes pure, it does not only become 
pure in respect to the characters valued but all along tlie line. 
For this reason it is extremely risky to leave some of the qualities 
of onc*s ammals to the future and concentrate one*s energy upon 
the selection of the characlcts tliat appear to be tlie most 
important. 
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only true in so far as sonie breeders of all 

remains in them, and it should b . ^ potential van- 

economically important bre^, . process of selec- 

abiUty as much as posable. When, ® it becomes 

tion, a breed becomes fixed for a W this has hap- 
less plasdc and more and more bringing back the 

pened, only cross-breedmg would help m b p b 
toired variability necessa^ to ^ttenuon 

had become fixed as a result of m-brecding while bm 
was given to some more obviously ‘“Pb^f poaibly 

Just as we should pve enough avoid 

important qualities of any breed, we ^houl P^jjJ jf we 
giving too much attention to really irrelevant q , ' 

give our attention to such unimportant thu^ ^ 
ings, shape of the baddme, or set of the *bP> ^ ^5 

selection for really valuable quahues more 
restrict our choice to only part of the really best am 

^ ^ ^ A— esep m* 

In our most important animals, it is necessary 
brec<Ung with great caution. The best thing we 
select our male breeding-stock with scrupulous 
to the quality of their ofispring. In-breeding sires wim . 
daughters greatly helps to recognize those sires which are p 
(heterozygous) for factors which wc want all our an^ ..tier 
have, and it gives us a chance to eliminate such sires ® qJ 
with all their get As soon as wc come to know a few ve^ go ^ 
sires wluch have such a make-up that all their ° 
valuable, we must employ these sires as far as politic 
exclusion of less valuable or cvenof untried young sLr«. Artin 
insenunation may be of very great help in doing this. ^ 

The use of in-breeding in selection makes it necessary 
the use of any but the very best breeding stock 
one should ever be led to use faulty animals in an in-brec B 
programme. Most faults arc recessive, and it is obvious tM 
in a certjun generation all animals arc oa it is never possib e 
get factor A back into the group without cross-breeding. ^ 

It is easy when in-brecding to get certain faults fixed m 
group, because the material becomes homozygous for 
affecting the quality. Just as it is impossible to get anm^ 
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having A when in a certain generation all the members of an 
in-bred group have the constitution aa the reverse is true: when 
all the individuals in the group arc homozygous for a factor 
A {AA) no amount of selection can get rid of A — all individuals 
and all germ-cells will have it. 

Breeders should never start in-breeding with a group of 
animals in which the best ones are not yet quite as good as they 
would like to see them. When in a variable group some animals 
are excellent, good enough for the purpose for which we keep 
them, then it is often possible to use in-breeding to great advan- 
tage with the object of making the majority of the animals pure 
for the inherited make-up of the exceptionally good foundation 
stock. 

The idea of starting in-breeding with a group of animals of 
mediocre quality, with the idea of selecting them and improving 
their quality, should never be entertained. As long as the best 
animals in a breed are not yet qmte as we want them, crossing 
within the breed or even cross-breeding with individuals of 
related breeds should be resorted to, until enough e,xcellent 
individuals are produced to furnish us with high-grade founda- 
tion stock with which to start in-breeding. 

The object of out-crossing is often to produce the necessary 
variability. Sometimes we want to add to the group one or ttvo 
genetic factors that have been either lost inadvertently, or that 
have never been part of the make-up of the group. At another 
time we want to make it possible to remove one or more factors 
in regard to wliich all our present animals are homozygous. 

Out-crossing must always be considered as an evil, sometimes 
an unavoidable evil, but to be avoided wherever possible. 
The object of animal breeding is almost always to purify a 
group of animals for the inherited make-up of the very best 
individuals of the group, and out-crossing destroys purity. 
When it is unavoidable to employ an out-cross, we iways get 
very much more than we need in tlie way of genes foreign to 
our breed or strain. We may obtain the factor wc want, but in 
addition we also obtain a number of factors we certainly do not 
svant, and after each out-cross tlie slow process of weeding out 
undesirable individuals will have to start all over again. 

Very often tire immediate effect of an out-cross is excellent. 
Two strtuirs of animals of tire same breed may “click** very well, 
so tliat tire .animals of the first cross, considered as individuals. 
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work in such a way that the good work done More ^ ^ 
undone by the out-cross. The first ru c ‘ group 
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affected by it. The object of die ““t-pt^ ^ S 

one or two genes to the tnakc-up °f S . ^j^acd into the 
to get rid of all the undesirable new things „cssary gene, 
first-generation animds whUe Imlding on “ ^ on^dding 

This can be done in the way micated m the d lap 
a gene. The hybrids must be bred back “ P“'' " » few 

of the strain, and from the progeny of such a tnafi“8 . J 
individuals should be kept, namely, Uiose '.'""'■"S bred 

ment most markedly. Again, diosc few animals s 
to pure-bred individuals of die strain, and so a,aotccp- 
diree to five generauons, but longer if possible. Iv ^ 
non of the few ammab needed in the work, the a 
duced by the repeated back-crosses sliould Be thro . „ 

the pure group, no matter how good ihcir indivi 


may be. ^ nnt-cros* 

The most common breeder’s mistake is to use an 
unwisely. If the first crosses arc excellent, many brcwc ^ 

the mistake of using them for breeding in the group m *1 
criminate way. This should always be avoided. In 9°*^^ 
ammals, no males, derived from an out-cross should c 
during at least four generations; Uic added genes sUo 
introduced through the female lines where the added imp 
can do less harm. 

Where shall a breeder go Cor an out-cross? The answer^ 
depend upon drcumstances. It will always be best to stay ^ 

breed, if a strmn can be found which is superior in 
that needs improvement. If necessary, u cross between di c 
._J U L... -o ... „ TTMt care » 
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breeds must be made, but if this is done very great 
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neexssary to minimize the dangers of introducing all sorts t 
uncalled-for impunUcs A careful breeder who understan 
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genetic principles and can figure out what really happens, so 
that he is very careful not to use impure animals indiscrimin- 
ately, can do excellent work in this way, but such work should 
not be lightly undertaken. 

Everything I have been saying on the subject of out-crossing 
has been meant as a warning to breeders who want to purify 
and ameliorate strains of economically useful animak; in such 
stock individual quality of a few superior animak is never worth 
as much as the average good quality of large groups. 

The advantage of what k sometimes called line-breeding lies 
in the fact that parallel in-bred lines need not develop wholly in 
the same way. When two or three parallel in-bred lines are 
maintained, the breeder has a guarantee against the involun- 
tary loss of valuable genes by in-breeding. It is possible that in 
one line a gene k dropped, so that in one given point the animak 
are seen to be inferior. It k then very fortunate if another 
parallel in-bred line exkts in which this same mishap did not 
occur; an out-cross with an animal of the other line is then 
indicated. If the two lines have not been separated too long, 
it k highly possible that not very much impurity results fiom 
such an out-cross with a related in-bred line. Line-breeding, 
looked at in thk way, is a method of retaining the possibility 
of re-instating genes tliat happen to get lost during in-breeding. 
A breeder who establishes three or four parallel in-bred lines 
instead of putting all his eggs into one basket does not need to 
take all those precautions a man tvith only one line must 
necessarily take. 

The best method of in-breeding modified into line-breeding 
k a system in which two or tlircc breeders start in-breeding in 
the same breed, as far as possible svith animak of the same 
source. In such a scheme it is possible for each of those breeders 
to use a few animak of hk colleague’s stock for an out-cross 
when such a thing happens to be necessary. 

There k always some danger when a breeder begins brccd- 
ing-in that he gets dkeouraged by the production of many 
inferior individuals in the second or third generation. In the 
Erst generations tlic quality of tlic stock, measured as an average 
of everytliing bom, may be below par. The thing to watch, 
however, in in-breeding during the first llirce or four gcncra- 
uoiu k not die average quality but Utc quality of tlic best 
individu.ab, which must be used as breeding stock. During the 
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when the breeding of show animals u concerned, 
some quaUty is Bxed in the breed it may 
The worst posable conditions are met with m those ^ 
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arc also e^diibitcd at the shows. Whereas the users o o j-r. 
want umformity for a lugh level of quality, the show t 

want to produce a few topnotchcis for the shows. 

^Vhen the craze for cattle shows began in Holland, Sho 
were imported from England to “improve* the type o 
Bladc-and••^Ylutc cattle of the Netherlands for show 
and the result has been that ever afterwards at the 
Dutch cattle arc considered as a “dual-purpose’* breed, ^ 
judged accordingly, whereas the real cattle farmers employ 
br^ as a milking breed, just as the Americans do 
ported thdr best Dutch cattle before the craze for Shortno 
type arose in Holland. This out-cross must ba>e done mo 
harm to the excellent milk-brccd than many cpidemic^it ^ 
destroyed much of the former uniformity, and the breeders 
Holland arc even now striving to eradicate the last traces 
impunty due to the cross. 
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NOTES 

^‘In-breeding is the only means of gelling pure-breeding groups'* 

This categorical statement of Hagedoom's is manifestly true» Without a 
certain degree of in-breeding there can be no measure of pure breeding Indeed^ 
it seems fair to say that the basic distinction between pure-bredy pedigreed 
livestock and what is somewhat loosely called *^commerctal**, unpedigreed live- 
stock lies in the closer degree of tn-breedtng associated with the former class. 
It w, of course, a mere assumption, often contradicted in practical experience, 
that pure-bred livestock are either the more economic or the more productive. 
They are, however, indubitably more uniform in appearance if not alwciys in 
performance. Thus the distinction between breeds is only possible through a 
measure of m-breeding of variable degree. It was by imitation of BakeweWs 
method of xn-hreeding that the modem breeds of livestock were frst formed. 

Theoretically, in-brecdmg corned to its ultimate limit of the repeated 
mating of full brothers and sisters should lead eventually to complete uni- 
formity both m appearance and in performance provided environmental con- 
ditions were also Kept entirely uniform. There would result what might be 
considered for practical purposes as a population of identical twins. Such 
completely in-bred and uniform populations have in fact been established in 
several species of laboratory animals. That, however, is by no meats the case 
with farm livestock. 

Genetically speaking, none of our breeds of farm livestock are pure or 
homozygous, although the term **pure-bred** is customarily applied to them. 
The breeder of **pure-bred” farm livestock when, as be must do, he indulges in 
an in-breeding policy does so cautiousfy, hesitatingly, one might say almost 
fearfully, and he always stops half-way or quarter-way The reason is the 
degeneration or apparent degeneration which almost always follows upon the 
commencement of a policy of close tn^breedmg. The genetic interpretation 
adopted by Hagedoom — and it is a plausible one — is that in-breeding leads to 
a segregating out of recessive characters, mainly undesirable characters, 
through the mating of individuals heterozygous for the same recessive gene. 
Adopting this interpretation, close tn-breeding might be regarded as a method 
of breed punfcaiion. There is always the possibility, however, that if there 
were too many mpuniies segregating out, there might be no breed left to 
punfy. 
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One reason, which Hagedoom makes abundantly plain, ts that one oj 
first results of xn-brceding u the segregating out, the unmasking ofundestr 
hereditary characters latent in the breed Almost certainly a proportion of 
resulting stock will be economicalty useless. Apart altogether from 
loss there may be, especially tn slowly-reproducing species such as 
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could happen. . 
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to close in-breeding of farm animals. As already stated, there are strains 
among laboratory animals whuh have proved completely resistant to close in- 
breeding There are, however, many other strains that have not. These m- 
breeding-restslant strains of laboratory animal — the Wtslar white rat is <* 
notable example — haie served a very useful purpose in providing uniform 
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poliqr of close tn-breedtng pushed Ur its ultimate conclusion might result merely 
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The productivity rather than the homozygosity of farm livestock ts the point 
of cardinal importance It might be argued that the known facts suggest that 
homozygosity and prodxutioity may be opposed The weight now given to the 
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phemmmon of '‘^hybrid vigour" in theory; the prevalence of cross-breeding in 
practice^ could be interpreted very simply on the hypothesis that even the relatively 
mild degree of in-breeding so far indulged in has led to a certain measure of 
loss of productivity which cross-breeding serves to restore. In other wordsj 
hybrid vigour on such a hypothesis would be merely a restoration of something 
already lost^ rather than an addition to something previously gained. 
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Uniformity and Purity 


In almost any group of domestic animals uni 
formity is of very great value. This is especially true o 
animals and birds that have to be used in groups. It is muc 
easier to get maximum profit from a group of animals tna 
react in the same way under the same influences than to have 
to work with a lot of animals that have individual idiosyn- 
crasies and have to be fed and treated in different ways.^ 

In a group of pullets we want all the birds to start laying a 
the same time, so that we can modify the food according to pro- 
duction. To get this we want birds that all take the same Urne to 
grow up from the egg, so that if they are hatched at one umc, 
production wU start in all the animals simultaneously. Vana- 
bility in any breed of animals is always uneconomic, we want aU 
the ammab of one group to be alike in every respect. 

This docs not mean that it would be enough to have one 
breed of domestic animal? in every group; on the contrary, m 
every spedes of domestic animals we want a number of different 
breeds, so that we can for spedai circumstances use the one that 
is best adapted to our purpose. Within each of those breeds, 
however, we do not want variability, we want every animal to 
be like the best few we now possess. 

There are different ways of attaining this ideal, and we can 
cspedally distinguish between two fundamentally different 
methods, namely selection in every generation of animals that 
suit our purpose, and breeding methods that tend to make the 
breed less variable and to the future generations more 

nearly like our ideal. 

It is clear that in every variable breed we can collect a rela- 
Uvcly small group of animals that arc, at least superficially, 
138 
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alike. This is done in buying a group of horses for a cavalry 
regiment, when the committee has all the horses in the country 
to choose from. We do the same thing when we conduct a herd- 
book on a selective basis. When we admire the different breeds 
of cattle at om largest shows, we are struck by the uniformity 
within each breed — but this uniformity does not prove that the 
breed of which these animals are choice specimens is pure, or 
even very uniform. When discussing the influence of the shows 
on any breed, we must always bear in mind that the group of 
animus shown, or the group chosen to be registered in the herd- 
book, is selected because of its conformation to a preconceived 
type, but there does not have to be a very great amount of 
purity for this particular type in the breed. 

It is often easy to show, by means of photographs, that the 
animals of a certain breed we meet at the shows nowadays are 
very different firom the representatives of the same breed we 
used to get at the shows twenty or fifty years ago. If we compare 
those animals in the old pictures to our present show stock, we 
see an enormous “improvement”. 

Sometimes this change may be due to a corresponding change 
in the average quality of the animals in the breed, so that we can 
truthfully say that the breed has changed considerably. It is 
evident, however, that in some cases we are simply dealing tvith 
a changed fashion in the breed, so that we now prefer animals 
of one type, whereas formerly we preferred another type. It is 
also possible that in some of those instances, both kinds of 
animals are stiU being born continually. When a fashion changes 
we need not wait until the breed is changed by selection, all we 
need to do is to hunt up the animals that most nearly conform 
to the fashionable type. 

When the double-laced Barncvclder was at the height of its 
glory as a show bird in Holland I once asked our most successful 
fancier how he succeeded in getting so many perfect hens to- 
gether, all of one type and true to the desired feather-markings. 
His answer was very simple. He told me that the most economic 
way of getting together a good collection of show birds was to 
visit a great number of farms around Bameveld with a basket 
on a bicycle, with an eye to buying perfectly marked birds! 
Not only could we sec an enormous contrast between the strik- 
ing uniformity of tlic group of Barncvcldcrs at a poultry show, 
and tlic great variability in the birds of that breed at tlic farms. 
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but such an inspection makes it evident that should the fashion 
change it would be as easy to bring a uniform collection of hens 
of quite a different type to the poultry shows. The point is that 
the uniformity we admire at the show docs not prove anything 
about the uniformity or variability of the breed, but it is pro* 
duced by choosing a few similar birds from a multitude. 

If at the time of registration of animals in a herd-book we 
practise a certain selection, so that we take only those indi- 
viduals that conform to a certain preconceived ideal and rqect 
the others, this measure ^vlll also produce uniformity in the 
group of registered animals. It is clear that this is the same sort 
of method as that which produces uniformity at the shows. 
object of this measure may be to produce a greater uniformity 
in the breed, and in general the real object of the selective regi^ 
tration is to influence the quality of the breed and to make it 
conform more and more to the ideal. Whereas, however, it is 
obvious that selective registration makes the registered group 
uniform, it does not follow that this selective registration greatly 
helps to make the breed more nearly uniform. 

As long as we thought that the qualities of an animal as such 
were passed on to the offspring, it seemed obvious that selective 
registration, the selection of valuable animals and their segrega- 
tion from the rest of the breed, would inevitably help to make 
this registered group more nearly ideal — a group of valuable 
animals should produce better offspring than the rest of the 
variable breed. 

Nowadays we know that only genes arc passed on from parent 
to offspring, so that an ideal anirn g] can only pass on his valu* 
able genes to his children. Evidently, however, part of his 
quality depends upon non-inberited developmental factors, 
upon favourable environment — and those factors arc not passed 
on to the offspring. 

In some of the continental European cattle herd-books, no 
anim^ can be lettered that docs not score a certain number 
of points. Those points arc gpven according to beauty in respect 
to defimte show points, so many points for horns, so many points 
for back, so many for set of tail, cte. The result is that a group of 
rc^tered animals in those countries does not contain any 
^imals that do not conform to the preconceived standard of 
beauty of the moment. 

At first sight it seems lo^cal that those qualities are highly 
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hereditary, that they are chosen because the breeders know that 
there is a strong correlation between quality of parents and off- 
spring as far as those points are concerned. In other words it 
seems probable that an animal that scores highly for some 
special quality will produce offspring tliat are better in this 
respect than the common herd. Recent investigations in Hol- 
land, however, have shovm the surprising fact that this is not 
necessarily true. The correlation between quality of a father and 
quality of the offspring in those points is insigmficant. It is by no 
means true that a bull with an exceptionally beautiful back 
\vill produce daughters with better points for back than the 
daughters of a bull that personally scores very low on this 
point. 

It is certainly true that particular bulls produce daughters 
that average very high in certain of these respects, but those 
bulls themselves are not necessarily very good in the same 
respect. This can only mean, that selective reghtration is grossly 
overrated as a method of producing uniformity in the breed. It 
certainly produces uniformity in the registered group, but this is 
something altogether different. 

The ultimate goal of breeding a group of animals is to make 
the group so pure that every animal will react in the same way 
to the same environment. Genetically speaking, a group of 
animals is absolutely pure when all the animals of one sex have 
the same inherited make-up, and are pure (homozygous) for all 
those genes for which homozygosis is possible in a group with 
t^vo sexes. 

We never know absolutely how mucli genetic variability is 
present in a group of animals, but we do know that after all the 
number of genes for wluch not ail animals arc alike and homo- 
-lygous is a definite one. I have introduced the term total 
potential variability” for tliis number of genes, in respect to 
which tlic animals of a group arc not all homozygous. Working 
towards purity in a breed of animals means trying to reduce the 
potential variability, or in other words to reduce heterozygosis. 

In a group of animals in which there is no preferential mating 
and no difference in fertility, tlic total potential variability 
remains tlic same: but it is certain Uiat in no breed of domestic 
animals arc Uiosc conditions fulfilled. When from generation to 
generation the number of animals in a pven group remains 
unchanged, tliis could be said to mc.in that every animal in one 


142 Animal Brooding 

generation on the average produces one animal in tlic next 
generation. Even if this is true in a mathematical sense, it docs 
not mean tliat all animals, or even that most anim^ in uic 
group, produce just one descendant caclu In reality a few 
animals have many children, and a great many do not repro- 
duce at all: and the exclusion of a great number of animals from 
reproduction reduces the potential variability of the group. 

When a certmn gene is very rare in a group of animals, so that 
only a few animals carry it, it depends upon chance ^vhcthcr 
such animals wiU or will not reproduce many offspring, and for 
tills reason the proportion of animals in a breed which carry one 
of these rare genes fluctuates enormously. It b possible that, 
from a certain moment on, the rare gene disappears from the 
group because the animals carrying it did not happen to 
produce any offspring. 

Another cause of reduction of variability is isolation. When a 
group of animals b bolatcd from random mating with the r«t 
of the breed, the bolatcd group will necessarily have a potential 
variability, which is below that of the breed as a whole. Even 
when we cUvide a breed into two equally large parts, each of the 
two new groups will have a lower potential variabihty than the 
original group, because rare genes arc not equally dbtributed 
over the whole area covered by the breed, and the same b true 
of rare impurities (heterozygosb for genes for which almost all 
the animals arc homozygous). 

The fewer the animab that take part in reproducing the 
breed, the quicker will the potential variability be reduced. 
For thb reason reduction of variability, and therefore auto- 
matic purification of the breeds, is much quicker in swine than 
in horses or cattle. 

In the polygamy of our domestic animab we have the means 
of reducing the potential variability of our breeds. The fewer 
males wc use, the stricter can we select those few. By methods of 
artificial insenunation ivc can greatly cut down the number of 
males we need to use in every generation, and if wc sec to it that 
^ose few males used have been selected in such a way that wc 
know them to be homozygous for the most important genes in 
purify the breed very effectually. 

'^hen we want to produce pure breeds of animab \vc must 
KMcw everything that raises the variability in our groups. 
Tms means that it b wortli while to make some sort of a census 
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of the different breeds of animals in any country, and to ensure 
that no two groups are ever amalgamated. Where local breeds 
exist, we must keep them apart as much as possible, and 
try to make them as pure as possible. Where necessary we can 
change over a group of animals of one sub-breed into a different 
sub-breed by a process of deliberate grading over, by using 
males of breed A to cross with females of breed B and their 
female progeny, in order to change breed B into breed A in a 
few generations. Apart from this we must try to keep the breeds 
and sub-breeds free from inter-crossing. 

When a group of animals is inter-bred continually, the poten- 
tial variability automatically diminishes. A system of selection 
will give direction to this process. 

The smaller the number of animals breeding in any genera- 
tion in relation to the total number present, the quicker the 
potential variability is reduced. This is the reason why in- 
breeding produces purity. This is most easily explained by com- 
paring the strictest in-breeding, continued mating of a full 
brother with a full sister, tvith random mating within the group. 
Let us consider one particular gene, A, for which the breed is 
not pure. This means that there will be a certain number of 
homozygotes of two kinds, AA and aa, and also some hetero- 
zygotes, Aa. When we start a series of in-breeding generations, 
we may start from one pair. Such a pair may consist of two 
AA’s or of two aa’s, but it may also consist of one AA and one aa, 
or of an AA and Aa, or Aa and aa, or even of two heterozygotes, 
both Aa. In pairs consisting of two AA’s or two aa’s, no further 
variability due to presence or absence of A will be found in sub- 
sequent generations. A pair consisting of one AA and one aa 
individual will give only heterozygotes, Aa. All the other com- 
binations will produce some homozygotes, either AA or aa or 
both. A mating of hvo heterozygotes (da) together will give 
50 per cent, homozygotes, so that the chance that the next 
generation rvill consist of two similar homozygotes (AA’s or 
aa’s) will be one in four. We can calculate all the chances in all 
the possible combinations, and if we do this we see that it takes 
only few generations of brother-sister matings to get rid of 
heterozygosis for any gene. 
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NOTES 

*'In tls pTioccupalion with punly as a panacea, the book is perhaps most 
out of touch with recent genetic thought ’* 

This sentence, taken from IV'icnaV renew of the 3th Edition of tiage- 
doom's book {ABA 1555, aj, Qgd) may or may not be justified, but certify 
if Hagedoom oier emphasized the importance of purity in livestock breeding, 
he IS not (done in doing so His error, if it be error, is shared by every 
ation or Society sponsoring any particular breed It is one of the features of this 
chapter that Hagedoom shows so clearly and eoniincvtgly how Breed Socultes 
are failing la achieve that aim Thus, Hagedoom wrote 

^'There are different weijs of attaining this ideal, and we can dishnguis 
between two fundamentally different methods, namely selection tn eiety 
generation of animals that suit our purpose, and breeding methods that tend to 
make the breed less variable and to rnake the future generations more ntary 
like our ideal" 

Although the inUntion of Breed Soculies is to make their breeds less canable 
by breeding methods, ti u, in fact, as Hagedoom emphasized, very largely by 
selection tn each succeeding generation of animals that a somewhat illusory 
measure of uniformity u actually obtained The method of selective registration 
so widely adopted gives an impression of breed uniformity or puniythat U rather 
misleading As Hagedoom wrote 

“ selective registration is grossly over rated as a method of producing 
untformiiyiti the breed It certainly produces uniformity m the registered 
group, but this u something altogether different " 

Still more is Ike apparent uniformity of any breed in the show yard due to 
careful selection rather than to uniform breeding, for unless an individual of 
any breed corresponds to accepted breed standards it will never be shown 
The fact that Breed Societies and Associations in general fail to hit the 
target th^ aim for does not mean necessarily, however, that the target they aim 
at IS cut of range There may still bejusUjication for Hagedoom's contention 
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Test-mating 


In most instances tlie quality of a breeding sire 
depends upon so many different genes that it is not possible to 
compare a number of sires before eaeh has produced numerous 
ofispring. There are, however, certain cases in which one or two 
genes are of sufficient importance to make it worth while to find 
out whether a young sire is homozygous in respect to them. 
This is especially true where we are dealing with a gene that 
differentiates valuable animals or birds from individuals with 
obvious faults. 

In general we can say that deliberate test-matings are valu- 
able only when we want to find out whether a male that shows 
the presence of a valuable gene is homozygous or heterozygous 
for it. There are two different ways to proceed in making such 
test-matings. The easiest way is always the cross with the corre- 
sponding recessive. In general, where test-matings are useful, 
the situation is such that the majority of our animals in the 
breed possess a certain gene, but as a proportion of the indi- 
viduals are heterozygous in respect to it chance matings of such 
heterozygotes togctlicr will result in the birtli of a few individuals 
that lack the gene in question. 

In almost all breeds of cattle in which the standard colour is 
black, occasionally a red calf is bom. Tliis happens in the 
Black-and-White Dutch cattle, in the Aberdeen-Angus, in the 
Kerry. Even in breeds where red males are always rejected a 
few red calves crop up continually. 

One of the simplest examples in poultry is that of the single- 
comb culls in such rose-combed breeds as the Wyandotte. 
No matter if the breeders continually reject single-combed 
animals from the breeding-pens, single-combed chicks will 
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turn up in every generation in many flocks. In V® 

have a similar instance in regard to colour. In such w i 
breeds as the Dorset and tlie lincoln or the Tcxcl occasional 
black lambs arc bom even if black animals arc never use or 
breeding. _ , ... 

In all those instances, deliberate test-matings of 
help to obviate the birtli of such undesirable reccssives. >Vc wn 
use test-madngs to purify the breed, or certain families ^vl un 
the breed, or simply to get rid of tlic reccssives in a certain 
generation. Let us examine a concrete instance. A breeder o 
Wyandottes who sells eggs for batching finds it to liis advantage 
to ensure that none of Uie eggs he sells ^vill produce single-corn 
chicks. Here the remedy is very simple. He knows that every 
spring he vdll have to use a certain number of young, untested 
males in his flocks. It will certainly pay him to test those males 
for purity before mating them to lus Wyandottes. All be needs to 
do is to mate a few more young males than he actually needs 
with single-comb hens, c.g. to Leghorn hens, and to hatch a 
batch of chicks from each mating. When a male, mated with a 
Leghorn hen, has produced ten to a dozen chicks, aU rose- 
combed, the breeder can be reasonably sure this male is pure. 
On the other hand, the first singlc-comb chick from such a test- 
mating shows him to be impure, and this makes it necessary to 
reject this cockerel as a breeder. 

In testing young bulls in a black breed, or young rams in a 
white breed, each male must be bred to several females, because 
each mating only produces one or two offspring. Otherwise the 
principle is the same. A young untried ram which, when mated 
with half a dozen black ewes, has given only white Iambs ^ 
almost sure never to produce a black lamb at all when mated 
with untried ewes. 

Wherever it is possible to test-mate an nTiima.1 in order to find 
out whether it is pure or impure in regard to an important gene 
by mating it to the corresponding recessive females, this is the 
very best and easiest way of test-mating. 

Sometimes, however, the reccssives are not riable. In many 
families of animals, heterozygosis exists for a few genes that arc 
absolutely indispensable for normal life of the young animals, so 
foat those young that arc bom without the gene must die. 
Obviously these are the instances in which test-matings are most 
necessary, but it is equally obvious that in these circumstances 



Test-mating 147 

we cannot resort to test-matings of suspected heterozygotes 
with recessives. 

Here we have two different possible systems of test-mating. 
In the first place we can mate the males we want to test with 
heterozygous females. In swine, atresia coli, an inherited ab- 
normality in which the gut ends blind, exists in certain strains. 
In these strains we can test young males by mating them tvith 
sows that have already produced some of these abnormal 
young. If a young boar after mating with such sows produces 
three or four litters of pigs in which the abnormality does not 
occur, he is almost sure to be homozygous for the required gene, 
so that he ^vill never get piglets with tlie abnormality, no matter 
which sows he is mated wth. In cattle, certain families exist in 
which bulldog calves are occasionally born. Cows that have 
produced such monsters are valuable, in so far as we are sure 
that they are heterozygous and that they can be used for testing 
young bulls. 

The second system of test-mating males consists of in-breeding 
them to their own daughters. If a male is heterozygous in 
respect to any gene, Aa, one-half of his daughters must also be 
heterozygous, Aa. Therefore, if we mate him to a number of 
his own daughters, 25 per cent, of the offspring of half the num- 
ber of his daughters must show the abnormality due to lack 
of a gene. If, therefore, a male when mated with his own 
daughters (at least six daughters) has produced twenty young 
in which tire abnormality does not occur, he can be considered 
as homozygous. 

This system of in-breeding of sires to their own daughters 
takes much more time than a direct system of test-mating 
svith recessives, but in certain respects the system has great 
advantages. In test-mating young sires with recessive females, 
we test them for homozygosis in respect to definite genes, for 
which we have reason to suspect heterozygosis. If, however, 
we breed a sire to a number of his own daughters, we do not 
test for one or for two definitely known genes only, but in 
addition to tliis we test the animal in respect to all valuable 
genes that affect quality in our breed. 

As in some animals many lethal and scmi-lctlial abnormalities 
exist, as in pigs, it is high time for breeders to Icam to recognize 
the importance of tliis system of test-mating sires. It is very un- 
desirable that some animals should become known as great sires 
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on the incomplete evidence furnished by selected groups of the 
excellent individuals among thdr progeny, when same 
sires are known by insiders to produce aberrant indm ua 
among their progeny. , . 

Whenever a group of animals of a new breed is importc 
some country, one of the first questions asked should be tliat o 
the genetic make-up of those animals. In such instancy c 
evidence of test-matings should be used, and it would not be loo 
much to require that any sire, to be eligible for impo^tion, 
should have produced a stated number of young from his o\vn 
daughters without producing aberrant stock. 

Several instances are known in whicli important Icthab were 
introduced into a new country by the importation of ^PP^' 
ently sound breeding stock, such as Dutch Black-and-Wm 
cattic into Norway, Danish pigs into Holland, Swiss goats into 
Holland, etc. . 

So far we have spoken of test-mating only as a method of nno- 
ing out the purity of individual sires. It is evident that such test- 
matings of males, when persisted in during several gencrauonsj 
help very much to rid a strain of animals of unwanted hetero- 
zygosity. 

If a breeder of Wyandottes always tests all his young 
and always rejects the heterozygous ones, keeping for breeding 
only those males that arc homozygous for the gene present m 
rose-combed birds, this will soon bring down the proportion o 
heterozygotes in his strain. As every heterozygous hen iAa) 
when bred to a homozygous male {AA) will give 50 per c^t. 
homozygotes, whereas all the homozygous hens will give nothing 
but homozygotes when only tested homozygous males arc used, 
the proportion of hctcrozygotes in the family is reduced 5® P^ 
cent, in every generation. 

Let us suppose that in a family of Wyandottes one bird in ten 
is heterozygous for the gene in question. This would result in one 
mating between hetcrozygotes in cvexy hundred matings 
generation, and therefore in one chick being single-combed ii^ 
every 400 chicks bom. By using only tested homozygous males 
during one generation, the breeder would have no singl®' 
combed chicks at all during that generation, and the propor- 
tion of hctcrozygotes ^vould go down from one in ten to one in 
^enty. This means that, even if he only test-mated his males 
during one tingle season and left everything to chance ia 
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future, he would in his stock have only one mating between 
t^vo heterozygotes in every 400 matings, so that in future he 
would not have to expect one single-combed chick in 400 as 
formerly, but only one in 1,600 chicks born. 

One generation of test-mating sires with the rejeetion of those 
proved heterozygous for any gene helps to bring tlie proportion 
of undesirable recessives down to one-fourth ofwhat it was before. 

The smaller the proportion of males used to females in any 
breed, the easier it becomes to use test-mating of males as a 
system of reducing the proportion of undesirable individuals in 
die breed. In other words, the testing of a given number of males 
in every generation will affect a greater number of females, and 
for this reason will bring down the proportion of heterozygotes 
in the whole breed at a quicker rate. When we want to get rid of 
the constant production of inferior animals as quickly as pos- 
sible, the ideal way is to test the breeding value of several males 
as well as possible, and then to use those tested males as much as 
possible. When we can, by artificial insemination, make tlie 
number of offspring produced by a few thorouglily tested males 
great enough to reject for breeding purposes all the progeny of 
untested or not fully tested males, our progress will be extremely 
rapid. 
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When, however, we arc dealing with existing br“ds> all vve 
really want to do by means of test-mating is to reduK me p - 
T^ortinn of undesirable recessives: and we have seen mat testing 



ate test-matings in respect to one or a few important 


in the fact that the most important economic quahucs m 
animala are due to the co-operation of a great many 
genes. It would ccrtmuly not be worth while to use dchbera c 
test-matings for specific known genes if we believed that^ c 
result — the reduction of the proportion of undesirable recessive 
— was only temporary; but wc know the result is permanent an 
astonislungly rapid. As long as wc take certain precautions a 
the moment of introducing “fresh blood” into our strain, wc 
can, by means of test-mating, quickly reduce the proportion o 


undesirable recessives to a neghgible minimum. 

When we are using the incest method of test-mating 
do much more than merely test for a few known genes. Tntf 
method helps to rid the breed of httlc-known or of unsuspected 
Iclhals and other undesirable recessives (dog scheme). 

In general breeding practice, the system of evaluating “C 
breeding value of a sire by means of the average quality of his 
get includes all dehberate test-mating. The term progeny-tot- 
ing, however, is generally employed for something somewhat 
different from dehberate test-matings in respect to a few known 
genes. Progeny-testing iviU be treated in a special chapter. 
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dairy cows in England and Wales. The wider the me of a sire ike more 
essential itmustbe to prove that he is not heterozygom for undesirable hereditary 
ckaracterSi particularly those of a lethal or semi-letkal nature^ and test-mating 
by breeding him to a sufficient number of his own daughters would seem to be the 
surest means of doing so. 
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Correlation 


w e often sec that two different qualities tend to 
go together, and the cause of such a correlation may be difncmt 
to find. The easiest understood arc those instances in which the 
correlation is causal, where one quaUty necessarily induces the 
second one. 

One of the best examples is the correlation between weight 
and height and pulling power in horses. By letting its body fall 
forward against the traces, a horse exerts a pull proportional to 
its weight and to the length of his legs from ground to shoulder 
Another example is the correlation between body size and 
yield in milk cattle. By selecting for yield, a given variation m 
size might give us larger cows that might not be more profitable, 
as they would probably not give more imlk per acre of pasture. 

A good example is the relation between height, body-weight 
and thickness of legs. When, of two animals, one is twice as wl 
as the other, the taller one may be also twice as wide and twice 
as long, so Aat it will bc2X2X2 = 8 times as heavy. If 
suppose that the material of which the bones and tendons are 
composed IS the same, the legs m the larger animal must be pro- 
portionally stronger, tluckcr, than in the smaller animal. To 
support a weight eight times heavier, they must be eight times 
as strong. In a shce of the one inch long, we must find eight 
times as much material in the heavier animal as in the hghtcr 
one, and for this reason the leg must be V8 *= 2 83, almost 
three times as thick across. 

The hghter an animal, the thinner its legs, as can be seen io 
all sorts of animals and birds. The bantam always has shanks 
that are proporUonatcly much thinner than those of a large 
towl, and can be recognized from a photograph for this reason. 
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A cow of a small breed has thinner legs than one of a large 
breed; it is foolish to say that the Jersey cow has a delicate con- 
stitution, as can be seen from the thinness of her legs — indeed, 
if her legs were as thick in proportion to her size as in a Here- 
ford, they would be unreasonably out of proportion physio- 
logically! If we could breed an elephant as small as a Shetland 
pony, it would not look like an ordinary elephant seen through 
the wrong end of a telescope, but it would have legs as thin as 
those of a pig. 

Sometimes the correladon is caused by the fact that one in- 
herited factor acts in ttvo different ways. In mice a gene exists 
which acts upon colour as well as upon the propensity to lay on 
fat, and yellow litter mates are very much heavier than black 
ones. Another gene acts upon haemoglobin content of the blood 
and upon markings; in certain families the spotted mice with 
few white markings always have a higher blood-count than 
those in which the coat shows more white. 

Sometimes a statistically valid correlation is not causal but 
accidental. If we have a heavy breed of dogs that is black, and 
also a second toy breed that is white, in this dog population 
there etdsts a correlation between size and colour. Such cor- 
relations, however, simply depend upon the fact that tlie causal 
factors for the characters which go together are kept together by 
some third cause which has nothing to do with any of the 
qualities. Here the correlation exists only so long as no frequent 
cross-breeding occurs. In a hypothetical population, consisting 
of large black dogs, small white ones and some mongrels, there 
would be a considerable statistical correlation between size and 
colour. 

In the Californian foothills, we found that a butcher would 
tviUingly pay more for a red calf than for a black one, as a 
matter of principle. Here a sort of loose statistical correlation 
existed between colour and butchering value, simply because 
this was a region where black or black-and-white bulls of dairy 
breed were used as well as red bulls of beef breeds. Although 
there were occasional red ••milky”-looking calves, as well as a 
few black “meaty”-looking youngsters, it was certainly true 
that fifty red calves were worth somewhat more tlian fifty black 
ones. 

If we apply the term selection in a general sense, a correlation 
of this type can be used as an aid to selection. It is true that a 
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boy who goes to one of the mnikets in HoUand and buys fif^ 
white hens Nvill get more eggs from those hem tlian ic y 
fifty brown ones of winch he kno>vs equally little, simply c 
the white ones will probably be mostly Leghorns; but Urn o 
not mean that within one genetically related group a win c c 


is likely to lay more eggs than a brown one. ^ • i r 

As a guide to sclccdon of indiwduals in breeding anim o 
birds, such “acddcntal” correlations arc extremely dangerous, 


because they fail us when we need them most. ^ 

In regions where such dairy breeds as Holstcins and Jerseys 
are kept, and also such beef breeds as Herefords, there u 
sort of a correlation between thickness of skin and milk ^ 

The milking breeds have a thirmcr skin — we could v<^ ^ 
they happen to have a thinner skin than those particular c 
breeds. If, therefore, we buy a nondescript mongrel heifer m c 
market, a thin skin is a good sign when we want her for the p*u , 
and this would bcequally true in Holland, CanadaandEngl^“* 
In Java, however, and in otlicr countries where some of tb® 
Zebus have been imported, a thin skin is a bad sign if one U 
looking for a likely mongrel heifer to milk, simply because a 
thin skin is often found in animals with Ongole or 
ancestry. Both in Java and in England such a correlation woulo 
be untrustworthy when we were selecting cows svithin a put® 
breed; the correlation holds only in mongrel and mixed popula- 
tions and only in a general, stadstical sense. 

The moment we really put such correlations to the test ^vithm 
a pure breed they arc found wanting; if people believe in them, 
this is never the result of experience, but almost always becau^ 
of an unwarranted generalizadon. Somebody has observed 
that a thick-skinned Hereford beef cow was a poor milker, and 
because of this he believes that, within his own breed, there must 
be a corrcladon between of skin and milk yield. 

It is a curious fact that the mere belief in such a correlation is 
sufficient to produce “accidental’^ correladons. If apple breeders 
arc convinced that thorny trees are poor producers, tlicy wiU 
weed out all the thorny seedlings, and as a result there \vill be no 
ffiomy trees with good apples; but if in the beginning the appl® 
breeders had believed thominess was a sign of quality, they 
would have kept only the thorny seedlings to select from, and 
to-day all our good apples would be thorny. 

Among our domestic ammals some qualities that arc in thcffi" 
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sdves not valuable and are certainly not related in any causal 
way with economically-useful qualities have a certain value as 
“markers". An experienced farmer who goes to market to buy 
cows or a few shoats will be able to buy good animals rather 
than poor ones by just looking at them. This does not prove 
that the characters he looks for are really correlated with the 
economic qualities he wants; it simply means that he recognizes 
an animal as belonging to a good family. Such a farmer is ex- 
perienced only as regards tire breeds he knows well; when he 
tries to pick the most valuable animals in a breed he does not 
know he is as often svrong as right. 

When we compare two breeds, A and B, these breeds not 
only differ in economically-valuable qualities but also in dozens 
of other points. The genotype of the two breeds may be wholly 
different; in one breed almost all the animals are homozygous 
for a factor absent from the second breed, and vice versa. If 
breed A in poultry lays brown eggs and has red ears, whereas in 
breed B the ears are white as well as the eggs, this is simply an 
accidental correlation. It just happens to be so, but it does not 
mean that in a white-eared breed the birds with the whitest ears 
lay the wlutest eggs! 

Around 1915 the Ford automobiles had their headlights close 
together and the Rolls Royce had its headlights very wide 
apart. In a street full of cars belonging to tliose two makes of 
cars, there was a very close correlation between the distance 
between lamps and economic fuel consumption. The smaller 
the distance between headlights, the more noise and the more 
likelihood of finding the car to be painted black instead of 
claret-coloured. A man who knew nothing of automobiles 
going out to an automobile market with a small siun of money 
to buy a car would be rather likely to buy a strong, serviceable 
CM if he looked for one ivitli a brass band around the radiator, 
with a loop of ivire sticking out through the radiator, and a 
transverse rcarspring, marks of the Ford of that day. Tliis docs 
not mean, however, that ivitiiin the Ford “breed” it would help 
to make a car run more cheaply if we bent the lamps two indies 
closer together, or tliat it would run more smoothly if wepainted 
it wine-coloured. Witliin the breed tlie correlations which held 
in a mixed crowd of cars would be \aludcss. 

It is certainly true tliat most breeds of hounds have long cars, 
longer cars than sheep-dogs, but selection for car-lcngtli in a 
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breed of beagles or coonhounds would not improve the hunting 
value of the hounds. . 

1 do not want to be understood to mean that no rcaJ caw^ 
correladon ever exists between the exterior of an animal and lU 
physiological qualities. Very often some function of an ammju 
ivill leave its visible mark. A hen in full lay b easily recognize 
from a non-layer, and heavy milk production in a cow can c 
recognized by a physical examination of the beast. ^ ° f*' 

very useful, for instance, when we want to house and fee ic 
laying hens separately. t. i v 

The duck-farmers in Holland arc continually shiiung me ay 
ing ducks, so-called “wet” ducks, from among the dry ones, 
and they can do thb because the laying birds have a^ vc^ 
peculiar appearance. It would be absurd to use this criterion m 
ducklings before the first egg to find those that will later turn 
out to be good laycnl . 

It U very important to dbcuss the reasons that have led to the 
use of corrcladve characters in the selection of our domestic 
animab, and the question whether this system of selection stiU 
has its uses. 

There exist several reasons that give the breeders the idea that 
it is importantto look for corrcladve characters in addidon to the 
qualities wth which we arc primarily concerned. Some of the 
cconoraically-important characters arc of such a nature that we 
cannot evaluate them without elaborate tests. NVhen the agn* 
cultural shows became of importance, it became necessary at 
those shows to compare the animals competing for prizes, and it 
was obvious that in economicaUy-important animals and birds 
it would be worth while if we could place them in order of real 
economic merit. At the shows certain qualities became of 
importance because they were taken for substitutes for real cv^ 
dcnces of econonuc merit. Hence the interest in the shape and 
size of the udder and in the escutcheon in dairy cows, in head 
points and pelvic bones in laying breeds of poultry. 

Very often only the animals of one sex could be really tested 
for economic value, and »t was comfortable to believe that in 
judging the quality of individuals of the other sex, such qualities 
as shape or colour, which could be compared even in the males, 
were of importance as “indicators” of merit. 

It was soon found that animals with identical ancestry and 
idcnucal personal merit often diflered considerably in breeding 
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value. It was small wonder that the breeders were constantly 
on the look-out for indications, “signs” of this mysterious inborn 
constitution. It became more and more usual to estimate certain 
characters that could be directly observed as marks of “pre- 
potency” in breeding stock. 

All this ought to have changed with a better insight into the 
nature of heredity, due to the discoveries in the field of genetics. 
When it was seen that “the inherited” was multiple and con- 
sisted of many separate genes, and when it became known that 
an animal homozygous for a gene transmits it to all its offspring, 
while a heterozygote only passes it on to one-half of its children, 
the nature of prepotency and the cause of other differences in 
breeding value became very clear to the geneticists, and later to 
those breeders who took the trouble to study genetics or to 
co-operate rvith the geneticists. 

It is very dear nowadays that personal merit, individual 
quality, is no guarantee of breeding value. The experienced 
hreeden, aided by the geneticists, are gradually substituting 
methods of evaluating the genotype of each animal, its inherited 
make-up, for the old methods of trying to guess that breeding 
value from its own qualities. 

Now, it ought to be clear to any disinterested observer, that 
from the moment we defer our judgment as to the breeding 
vdue of an animal to the time when we can actually measure 
th^ breeding value from the way the animal has performed as 
n breeder, all those mctliods that were destined to help us to 
guess the quality of a breeder, without watching the way it 
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changed very, very dowly, even “n- 

scientists agree that a radical change is . Wed- 

vinced that the great advance Sport- 

ing in Denmark was in a very large measure ‘ country 
an® drcumstance that here we had an 
taking up animal hreeding as something new, s°metog m 
was not Lmmed In and permeate through and ^oi^h 
the todition of muddhng through for , carpenteis 

reason the Dutch duck-farmers, fo^er 
and eshmongers, who are engaged in an indus^ tha F 

overnight like a toadstool, in matters of sdection \ . 7 

start correedy from the beginning, so that their f 

progeny-tesdng and in-breeding are twenty yei« m 
acse employed by the eWeken farmers, bogged doivn as thes 
latter men are by tradition. ^ 

In some instances in which the selection of 
according to the senablc system of judging a v^mnered 

the sort of stock he sires has come in, selection is still h^P 
to some extent by a belief in correlative charact^ ^ 
value as indications. An example of what I mean is the p 
day system of breeding pigs in Holland and 
countries, cspedally in Holland, the Danish method o 
boars by the infUhblc system of looking at the quality 
offspring has been adopted. The system is not yrt pene^ 
it is true that more importance should be attached to 
quirement that a really representative sample of .r 

geny should be tested, but to a very great extent the testing 
half-litters for hutchcrine quahly and economic food consu y 


tion is exemplary, , 

Curiously enough, however, this does not mean that the ^ 
portance of extenor points, formerly believed to be 
economic value and breeding value, is now ^^Snj^ed o 
slight. Boars are really judged according to the quality oi 
piglets as hogs, but to be admitted to the test at all the - j- 

must pass a rigid examination on body points. The fouo ^ S 
translation of part of the requirements refers to bad * 

‘'Very bad feults arc: a narrow or wrinkled forehead, 
chcc^, short snout, too thin a tail, bones too fine, presence o 
hair-crest along the back, etc.” _ 

The best we can say for such rillin K* is that we arc ti®ali g 
with a remnant of brc«icrs’ superstitions! The possibihty 
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mains that by restricting progeny-tests to a group of males 
which first have been selected according to body points of specu- 
clative value, some of oxu: points are really correlated, negatively, 
witli quality. Breeders of pigs may cherish the superstition that 
heavy feet show strength in the legs, but it is quite possible that 
heavy bones are on the whole undesirable in a hog at butchering 
time. The sensible standpoint in relation to exterior points is to 
neglect tliem altogether in the sires to be tested according to the 
value of their progeny. If we do this work well, and if we 
actually point out the sires whose offspring averaged the great- 
est economic value by actual test, it tvill soon be seen what the 
type of the resulting animals will be. The body points of our best 
animals should be found as a result of tests for real economic 
worth; it is putting the cart before the horse to reverse the 
process and to start from a preconceived set of points, believed 
to be correlated with quality, testing the real value only in 
animals that first fulfil those requirements! 

A system of selection based upon supposedly correlative points 
instead of on plain rule of thumb progeny-tests can only survive 
as long as the men who influence animal breeding, and have 
been firmly trtuned in the old speculative system, themselves 
survive. In many instances no rational methods in animal 
breeding can be expected before the old generation of authori- 
ties has been pensioned off and has made room for better- 
trained successors. In such matters as the substitution of im- 
proved methods for outmoded ones, control of animal-breeding 
methods by farmers’ co-operatives is vastly superior to control 
in the hands of public servants of the paternal state. 

I have often discussed the rvidespread belief in correlations 
between show points (so-called "constitution”) and real econo- 
mic value amongst men of the prc-Mcndeh'an era with some 
of tlie most intelligent of these men. They altvays find it very 
hard to believe that a method in whidi so many eminent 
autlioritics used to believe so implidtiy can rc.illy be funda- 
mentally rvrong. 

For the benefit of tlic younger generation, for I have learned 
that men of the old school are mostly incapable of absorbing 
new trutiis, 1 tliink it is worth while to point out tliat when 
plant breeding was brought to a rational basis, around igio, 
we genetidsts had to hdp the plant breeders in tlie same sort of 
revolution which is just now beginning in animal breeding. 
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Before that time plant-breeding imtitutee used to 
rotvs of microscopes with young men ^ng nuali- 

characters to “save time” in selecong plants for econo 1““ 
Ss! At that time the idea that the wheat that 1^“”“ * 
given county was the wheat that of 

profit per acre in the average year— and hang the " 
hairs at the top or the width of the leaves”-tvas “ 
ary and contrary to “what everybody too''®,/ “ X tbc best 
among pigs the best individuals ate those that pve 
retumSl the money invested in their Svt 

hair on their baek or the thickness of thar talls_ -is t^dayl 
It is very probable that true correlations exist in our ooroKU 
animals as well as in our plants between extenor P°’" , 

quality. In so far as this is true, purifying a breed of ammal 

the inherited make-up, which is consistent with the gr 
amount of profit, will bring along some of those corrclauv 
characten. 

This does not mean, however, that it is wholly safe to y 
the qualities in the very best breeds that >ve now . 

guide to selection in breeds in the process of making. In th e 
place the end-result of development is due to the * 

very many of the genes, and a gene that has a favourable c 
in one breed may be undesirable in a second breed with a so 
what different genotype. Secondly, many of the body pomts 
a very good breed may be wholly unrelated to economic us 
ness; they may either just "happen” to be so, or they may 
been bred into the breed because of some such superstition 


the beUcf in tWek tails in hogs. 

When the breeders of swine in Germany and Holland 
taught that a thin tail in a pig is terrible, and they keep to tto 
idea long enough, it is very probable that in the end the p>p 
those countries will all have beautiful thick tails, but this does 

not prove that a thick tail is a sign of any cconomically-uscf 

quaUty. 

Correlations between easily observable characters and quali" 
ties that are not so easy to evaluate exist in human beings as wcU 
as in domestic animals, and a few examples may be adduced to 
illustrate what I have said about selection. 

If we want a lifeguard for a bathing beach, we can cither rely 
upon the fact that most professional svrimmers have a wide ch^^ 
and a small head, and hire tiic man who shows those qualities 
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to perfection, or else we can make the candidates show what 
they can do in the stvimming and diving line. AVhen we have 
made our choice, and when we deem it safer to look for a man 
who can swim, it would not be wise to refuse a swimming test to 
all candidates who did not have smallish heads. 

When we want a soprano for the opera, we can take the fattest 
candidate, reasoning that there seems to be a correlation be- 
tween opera singing and corpulence. Or we may select a woman 
because of her voice after a singing test. When once we prefer a 
singing test to relying upon the correlation, it would be ridicu- 
lous to refuse to let any candidate under fifteen stone show how 
she can sing and act. 

We might extend those examples just one step further. 
Pianists tend to wear their hair long. Now we might have such 
a profound belief in the correlation betsveen hair-length and 
musical ability that in judging a music teacher the first thing 
we would require in a good teacher would be that his locks 
averaged well above normal length. 

When, however, we use musical ability itself in the pupils as 
proof of the teacher’s worth, we must use this sensible test to the 
exclusion of the other one based upon a belief in correlation. 

The real reason why we use progeny-tests to find out the 
breeding value of the sires we employ, is the fact that we know 
that it is obviously safer to use the result we want to obtain as a 
criterion rather than some sign which ire hope indicates the 
probability that such a result will be obtained. 

In other words, when we substitute a thoroughly reliable test 
for a speculative one, not only do we not need the speculative 
test any further, but when the slightest danger exists that adher- 
ence to the magical formula debars us from making the fullest 
possible use of the progress to which the reliable test is the key, 
we should do our best to forget the magical formula that we 
have tried to use to find short-cuts. 

Most automobile drivers arc convinced that it is safer to learn 
to drive well and to take out an accident insurance than to rely 
upon a teddy-bear mascot in the back rvindow, or upon spitting 
on the steering-wheel when setting out for a drive; but they have 
a feeling that such magical short-cuts to safety are at least harm- 
less. I have often heard tlie argument tliat even if looking for a 
thick tml in a boar or for perfect horns in a bull is perfectly 
absurd when we want animals profitable to use, at least such 



IJ2 Animal Breeding 

show points do no harm. There are plenty 
of bn£^ and it is sufficient if we find the reaUy g~d 
among the group of perfectly beautiful ones. We can have 
beautiful animals as well as ugly ones. . 

This argument, plausible as it may appear at first sight, is 

*\Vhel^i ffiHoUand and Germany, every piglet bom is r<g- 
tered, and every hog butchered is graded, it « 
out the breeding powers of every boar used fot|breetog. 
we examine the rdativcly few boars that have been mg y 
mended because of the fact that thdr offspring have been g 
butchering beasts as well as good to look at, we see tha a^ 
many of them are heterozygous for genetic factors every 
normal pig must have, that is to say that a proportion o 
get are deformed, non-viablc or wc^y. Only a very few 
well-known boars are really perfect in such very impo 
respects. 

This simply means that the pig population is still so , 
that we have to cxanunc a very large number of boars to 
few that are perfect in every respect as sires. By _t 

sdcction of perfect sires to those that have the show . 

are fashionable to-day wc simply get too few good <mcs! 1 
is, wc have to take too many mc^ocrc ones and condone 
faultsl . . 

In dairy cattle the situation is very similar. By rejec g 
the bulls ^at do not pass the judge at registration time, n^ 
bulls whose daughters and sons do not average highly 
show standpoint, wc have too few bulls left to find enough o 
lent ones — ^bulb whose daughters arc first-class, strong, 
lived imlkcrs. In Holland the situation has devdoped to such a 
ridiculous extreme that only about a dozen first-dass 
bulls arc alive at one time, and the average dmry quaUty of the 
daughters of some of them is not phenomenally good. 

Sdcction in a breed of animab kept for econonuc rc^ons 
should always be worked the other way round. By cxanuning 
the records made by the daughters of a ^ousand bulb, it ^vo^n 
be possible to find a hundred that were as good in respert to 
economic qualities of their daughters as the preferent bulb oi 
to-day. If, then, sve only needed dghty, we might drop twenty 
of the aberrantly-shaped or marked ones. . . 

It b ridiculous to say that would mean that the anim^ 
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would tend to become less beautiful. Critics who may believe I 
prefer an ugly animal to a beautiful one have probably never 
reflected upon the origin of standards of beauty in domestic 
animals. 

If we except such animals as goldfish and lapdogs, but limit 
our discussion to cattle, horses, swine and sheep, the chief points 
of beauty in an animal are the points we believe go together with 
economic usefulness. The Germans think a pig with heavy, 
square legs is beautiful, because they think this denotes strength 
and absence of leg trouble. The Danes think fine legs are beauti- 
fid, because they think fine legs show fineness of bones, which 
are less valuable than pork. 

Now, if in selecting swine we restricted our selection abso- 
lutely to finding those sires whose offspring graded first-class as 
butchered hogs, and made profitable gains for the food con- 
sumed, the result would be sure to be a breed of swine of great 
economic value, adapted to local methods of pasturing and 
feeding, and absolutely right from a butcher’s standpoint. Those 
hogs would have legs, and those legs would be the type of leg a 
profitable hog should have. Instead of being obliged to theorize 
about the superiority of one sort of leg over the other, we would 
know, and we would think the legs of those ideal pigs Were 
beautiful. Beauty, everysvhere, is negative, the beautiful indi- 
vidual being the one that shows no blemishes of any kind, no 
faults. A breeder of Jerseys thinks a Friesian cow abominably 
ugly, and the other way round. A beautiful animal is one that 
shows to perfection the average norm of the best, most useful 
animals of her breed. 

The greatest drawback of the system of putting an arbitrary 
set of ideals of beauty, or ideals of “constitution”, above 
economic quality lies in the circumstance that sucli ideals are 
arbitrary. 

In some instances the combination of qualities looked for may 
be rare, simply because those qualities do not fit together physio- 
logic.ally. It is obvious that this could never happen if the ideal 
of beauty were really formed after breeding for economic useful- 
ness had pven us a set t)pc in the very best animals of their 
breed. In breeds where no cross-breeding has taken place during 
a long series of generations of close breeding, the ideal of beauty 
might even to-day tend to coincide vritli the appearance of an 
excellent animal; but this is not to be expected in such mongrel 



154 Animal Breeding 

populaUons as our present breeds of cattle, hors« smn^ 
The arbitrary standard of beauty is often ^’^out 

being one standard for males and one for 

the worst oterescence of a superstiUous belief in p . ^ 

breeds of animals, the idea that a breeder can mould his amma 
according to his preconedved notions. 

A gcnctically-traincd breeder can understand that in on 
breed the gcnctical make-up of the males must 
that of the females. The enthusiastic fanaers Nvho set up 
show standards have not hampered themselves wth such co - 
sidcrations! They not only decree that a cow shall have ho 

a ccrtdn shape, an udder ofa certain shape and swe, an 

of a ccrtdn type, but they also decree that a bull shall 
horns and head and tail of a certain definite type. 

The ideal in a breed of dairy co^vs would be to have a sm - 
ard of beauty conforming to the characters of the idc 
co^^•s in that breed and to select bulls according to the 
of thdr daughters exclusively, without looking at them, 
would automatically make Ac type of Ac males Aat o 
males >vhich sired Ac perfect daughters. It should be 
any intelligent person Aat it is absurd to want a 
quahiics whiA are not Aose of Ae males in a pure 
which Ac females arc perfect. The American Ayrshire brec c 


stopped judging males. 

1 am not creating hypoActical bugbears, for I can 
instances in domestic animab where this state of things ^ ^ ^ 
realized, and where Ac breeders have found Ac perfect remroy* 
I am spealdng of breeds of Aow poultry where double mating* 
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breeders of such birds, Silver Wyandotte, Brown Leghorn, 
Ducktving, and many odier breeds of poultry have been obliged 
to adapt themselves in this elaborate way to the arbitrary stand- 
ards of beauty. It is evident that a man who buys a trio of Silver 
Wyandottes at a show, and starts breeding from those birds, is 
crossing tsvo different strains, and will produce a mongrel popu- 
lation in which in the second and third generation a perfectly- 
marked hen or a perfectly marked male may happen to occur 
among hundreds of mismarked culls! 

In dairy cattle, the standard of beauty, if ever we want such a 
thing, should obviously be that of the perfect cow, both in bulls 
and corvs. A bull is a necessary evil, his use being the production 
of daughters, and everything should favour the production of 
ideal cows. 

The standard of beauty in dairy bulls is arbitrary, just as the 
standard of beauty in Silver Wyandotte cocks is arbitrary. Who 
knorvs whether it would be possible ever to breed a pure race of 
cattle in which both males and females conformed to the present 
standard of beauty (scale of points)? 

It is even extremely unlikely that the characters we admire in 
a show bull are produced by a set of genes that, in a cow, would 
give a perfect animal, even from a fancier’s standpoint. 

This is where an arbitrary standard of points can be extremely 
dangerous to the breeding of utility stock. It is possible, even 
probable, that in restricting tbeselection of progeny-tested males 
to a group of males from which those not conforming to show 
standards have been rejected, we cannot possibly find the sires 
whose daughter-groups consist of valuable dairy cows only. It 
might be possible that those perfect bulls would be more abun- 
dant in a group of bulls tliat were of less c.\trcmc “male” type, 
or that had some otiicr genotypic peculiarity, which made us 
reject them. 

Even if in relation to bulls we arc using a standard that calls 
for a genotype different from that which we have in standard 
cosvs, so tliat in brcc^ng champion bulls to ch.ampion cows we 
arc really crossing animals of different inherited make-up, this 
docs not preclude the production of a few excellent bulls and a 
few show cows. If we persisted in mating show m.alcs in Silver 
Wyandottes witlt show females, we would also have an occa- 
sional fine male and an occasional show hen. 

An .arbitnuy standard of show poinU in an economically 
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useful breed of domesdc anim^ « an ”rfetes 

and often very harmful thing. The “7"^ to 

of the old school that such standar^ are , 

selection because they are calUng for ^ 

economically-useful characters has no sohd ^jy 

Selection in such animals should be based al 
upon progeny-tests so designed as to point out th | 

animak that, by producing groups of ^^ous 

to have the correct inherited oonstituuon. In polygamom 

animals the testing of females for econorrnc ''o'" 
basis on ivUch to compare sires as breeder. In tr“tog 
animals, a correct system of purifying the breed for to g 
type vrhich the useful animals should have makes the old ^te 
of selection according to fancied (or even real) co 
characters superfluous. . . _iy 

Sdcction according to such correlative characters 
superfluous but extremely risky and often dangerous, 
slows up the process of purification of the breed. . 

In many of the continental herd-books for cattle, ^ 

can only be registered after they have passed an exan^ 
in which points are given for different visible 
makes it possible to judge whether any relation exists be 
those qualities the judges appreciate and real economic v • 
A random group of consecutively numbered cows . 
Friesland herd-book that had finished complete r 

periods has been grouped in tables according to the num cr 
points scored and according to milk yield, especially 
centage of their milk. The animals grouped in Table la a 
been dirided in Tabic Ib into four groups at different , 
production. The cows in those groups average equal num c 


of score-points. 

InTablcIIa the cows arc arranged according to fat ^ 

age and points. When we divide them into groups on differs® 
levels, as in Tabic lib, the same average number of points is sc 
in each group. , 

^Vc sec from this that the choice between the select > 
registered hdfers and the rgecled group does not help in any 
way to choose the better animals in the sense of those produ^g 
more or fatter milk. Subsequent findings do not justify this firs 
choice. The scores of points of beauty and of utility have no 
relation to each other. 
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NOTES 

“An arbitrary standard of show points in an economically useful breed of 
domestic animals is an extremely dangerous and often very harmful thing. 

With this statement of Hagedoom's no disinterested person who has 
studied the subject seriously would be inclined to disagree. There are too many 
known instances of the pursuit of breeders' faruy doing damage to the economic 
value of a breed. 

Tet it must be admitted that show points arbitrarily chosen are something 
rather different from the appearance and performance of an individual animalj 
in other words, its phenotype, as an indication of its breeding value. While 
the value of such indications may be easily, and in some cases are rather 
foolishly, exaggerated, it would be wrong to assume that in every case they 
gave no indication of atiy value at all. Had they none then the sire performance 
tests of bulls and boars now being widely developed would be a patent waste of 
time, for what is being done there, without any question, is to utilize the 
phenotype of the sire as a reasonably reliable guide to his breeding value. 

Where, however, the species is polygamous and yet only the female sex is 
usefully productive, as in the specialized breeds of egg-yieldmg poultry or dairy 
cattle, the phenotype of the male, obviously, can give little or no measure of his 
economic breeding value. The example, quoted by Hagedoom, of the American 
Ayrshire breeders stopping the judging of bulls altogether, might be advan- 
tageously followed by many other breed societies. It is because of this difficulty 
presumably that Hagedoom puts such very great stress upon both the value and 
the advisability of the progeny test. Thus, he wrote: 

“Now, it ought to be clear to ary disinterested observer, that from the 
moment we defer our judgment as to the breeding value of an animal /o the 
time when we can actually measure this breeding value from the way the animal 
has Performed as a breeder, all those methods that were destined to help us to 
guess the quedity of a breeder, without watching the way it actually bred, have 
lost very much of their importance." 

That argyment would be perfectly sound were it not for the time involved, 
the expense incurred, and the difficulties liable to be encountered in making a 
reliable assessment of breeding merit by progeny testing. It is, in fact, largely 
as a time-saver and a money-saver that Sire Performance Tests are being 
employed as a substitute for, or a preliminary to, full-scale Progeny Tests in 
meat-yielding animals. 

When Hagedoom chose the title “Corf elation" for this chapter I think he 
wished to emphasize the lack of such correlation between an animal s indi- 
vidual appearance and breeding performance, between its phenotype and^ its 
breeding value dependent on its genoype. Perhaps he rather over-emphastzed 
the point. If there were no such correlation, then ugly parents would have every 
bit as good a chance as have handsome parents of breeding good-looking 
children and^et,fTom common observation, we know that to be quite untrue. 



Chapter Twenty-Three 


Constitution 


J^L good animal, especially in those breeds that 
arc kept for their performance or for their production, must 
have good constitution. If this word constitution means any- 
thing at all, it means very little else than inherited make-up, or 
genotype. It means that the animal, under favourable con- 
didons, will be able to perform correctly, to produce economi- 
cally, to do what we want it to do, and to keep on doing it with- 
out breaking down under the stress of what we expect of it. 

The constitution of an animal can be judged by its perform- 
ance, and not in any other way. This is very important, for 
ne^anly there ewst cert^ relations between the way an 
animal reacts to its life and the animal’s appearance. An animal 
that is in heavy production and has the necessary constitution 
to enable it to stand up to this production is in very good health 
and shows this in its appearance, while another individual 
which cannot stand the stnun docs not look as healthy. 

This does not necessarily mean that an animal that looks the 
picture of health has a good constitution. It is possible that the 
good-looking animal would not be able to stand the strain of 
an cconomically-profitablc performance at all; it may be 
healthy-lcwldng because its owner has been subjecting it to very 
little strain at ail — it may have been fattened up for show 
purposes! 

Only time will show whether a given animal has the correct 
institution to stand the strmn of use, but during the time it is 
in use something can be judged from its appearance. This fact 
has given rise to the idea that there is a direct connexion be- 
tween an animal’s looks and its consUtution, but this idea is 
certainly erroneous. All we can tell by the looks of an animal 

m 
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in full performance is whether it stands the strain well; but it is 
a mistice to think that by looking at an animal that is not or 
has not long been under the strain of performance, we can 
judge whether it has the correct constitution to stand this strain 
well in future. 

Under the influence of the agricultural shows the appearance 
of our animals has assumed an importance out of all proportion 
to its real value. At the show nothing can be judged but the 
appearance of the moment, and for this reason the best animals 
at the show are simply those animals that for any reason please 
the judge best. The continual strain of heavy performance %vill 
gradually wear an animal down, and in the end it will alter the 
animal’s appearance. It is evident that of two animals that have 
produced alike during the same period of time, we should have 
to judge that one the best which shows the least influence of 
this production. To be able to judge, however, we should first 
know that in reality those two animals had been producing 
alike for the same length of time under identical circumstances. 
At the shows none of those conditions is fulfilled. The judge 
IS set to compare a number of animals, of which he knows 
nothing at aU, i.e. nothing except their appearance at the 
moment. To a certain extent his judgment depends upon 
fashion pure and simple, but insofar as he realizes that the 
breed judged is actually bred for economic usefulness, and inso- 
far as he has seen animals of the breed keep up or break down 
under the stress of production, he will be likely to judge the 
dass of animals as if the competing individuals had been sub- 
jected to the same strain. That is to say, he will be likely to 
favour the animals that look most like animals of excellent 
constitution under heavy production. 

This, however, is not everything. Very often a spurious show- 
yard constitution -will arise as an ideal in the mind of the show 
fanciers, wliich simply originated as the reverse of the signs of 
real constitutional defects. 

A few instances of this can be gathered easily. A cow of poor 
constitution, tliat is producing more heavily than her body can 
will be milked “off her legs’’, and one of the first signs of 
this may be a weak, tilted, splay foot. Tliis is one of tlie reasons 
why judges of cows and bulls think a heavy cannon bone is 
beautiful as a sign of strcngtli, of "constitution”. A weak old 
cow that has been milked excessively may become rickety, her 
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legs will bend in and out, her back will sag. For tHs reason, 
strong, straight legs and a straight backline arc taken as mar^ 
of excellent “constitudon”; and because a poor, weak cow will 
get very thin when nulking, fat, at the shows, is looked upon as 
a sign of “constitution”! 

It is not very difficult to show that even if certain qualities 
may be actually signs of poor constitution in producing anim^, 
the reveree, or what is taken as the reverse of those qualities, 
need not be taken as signs of excdlent constitution. When we 
compare the foot of the Arabian horse with that of the Belgian, 
it is easily seen that mere drcumfcrcnce of the cannon bone is 
not correlated vdth strength of leg or foot. As Boutflour has 
repeatedly pointed out, the only two animals in which the back 
is really med to carry weight, and must therefore be strong, arc 
the hone with a concave and the camel tvith a convex back, 
so we have no real reason to assume that straightness of back 
in a hull or cow denotes a strong back and good constitution. 
As soon as we look at other animals than cattle, when wc com- 
pare different races of dogs, or even of man, we can obtain 
abundant proof that mere fat, or even mere muscle, docs not 
prove a strong constitution. Nobody would dream of thinking 
that the greyhound has poor constitution as compared with the 
St. Bernard. 

In poultry wc have a very similar situation. Some hens, when 
they cannot stand the strain of heavy production, show the 
first signs of breaking down in thdr eye colour, ^vhich has a 
tendency to become pale. This, however, docs not mean that in 
pullets that have not yet started to lay, good or bad constitu- 
tion can be recognized by examining the eye colour. In poultry, 
good constitution, the ability to transform food into eggs 
economically and to continue doing this for many years is of 
^eat value, but the only way to recognize this good constitu- 
tion is through observation of this continued production. Many 
people have sought short-cuts, and several systems have been 
proposed by which it was claimed one could recognize a good, 
profitable layer by means of characters of the individual. Some- 
times qualities have been employed which directly result Com 
egg production. In the yellow-s^nked breeds, the yellow pig- 
ment gradually ffisappears in a hen in full production, and it 
reappears when laying is discontinued. To a certain extent it is 
possible to point out those hern in a flock which arc in full lay, 
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and recognize them from the non-laying hens by looking at the 
intensity of the yellow colour of the shanks. 

All diose systems of recognizing good hens from poor ones by 
“handling” are less popular now than they used to be, for in 
the last few years it has been found that such poor-looking hens, 
which used to be culled out of the flocks, often did excellently 
when penned up separately in laying batteries. Many people 
have bought other people’s “culls” cheaply and done very well 
with them in batteries, and it is very probable that the back- 
wardness of such hens in large flocks is chiefly due to the fact 
that they are continually driven away from the food, and not 
to inabflity to stand the strain of heavy production when 
nourished well. ‘ i 

It is easy enough to see why the system of looking for signs of 
“constitution” when judging animals and birds at the shows 
has become established. Whereas it is very difficult to deter- 
mine real "constitution” in the sense of ability to stand the 
strain of use, it is very easy to examine spmious marks of con- 
stitution at the inspection of a show animal. 

In the showing of breeds of animals or birds that are of real 
economic importance, it is obvious that real economic value 
cannot be taken into account A realization of this fact must 
ultimately produce a division between the “fancy”, interested 
in show points as such, and the breeding of utility stock for 
economic purposes. There is more money in breeding for show 
purposes than there is in breeding utility stock, but the value of 
show stock is greatly enhanced if the breeders of fancy stock 
believe, and can make the utility breeders believe, that the fancy 
points judged at the shorvs arc of great importance from the 
standpoint of the users of the stock. 

There would be very much less interest in the judging of 
cattle, horses and sivine at our agricultural shows if the public 
realized that show-yard cxccUcncc stands in no plausible rda- 
tion to real economic value. Tire breeders of pedigree show 
stock want ns to believe that what the judges arc really looking 
for at the shorvs are signs of perfect constitntion and “type”, 
and that from an economic standpoint the prizemnning ani- 
m.ils arc far superior to the nondescript dairy cattle or svork- 
horscs at the farms. 

It is rather diffiailt to look objectively at the present state of 
things. It is certain that breeding beautiful beasts pays better 
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than breeding good ones, and this greatly complicates the 
issue. 

In only a very few instances can we compare the economic 
usefulness of bcauUful ammals with animals of lesser beauty. 
The best data can be found in those utility breeds of animals 
where there exists selective registration. In some herd-books 
young animals are not registered before they have been judged 
according to a scale of points. These scales are generally so 
arranged that the judge can allot a maximum of so many 
points to this quality, so many pointe to the relative beauty of 
that part of the body, and so on; and generally a minimum 
number of points is fixed below which an animal cannot be 
retnutpred. 
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on the average somewhat shorter than the non-registered cows. 
His figures are very far from supporting the idea that at the 
moment of registration a distinction was made between the 
registered heifers of excellent constitution and the rejected 
group with inferior constitution. 

I am very far from denying the importance of selective regis- 
tration on show points as such; for a certain category of breeders 
this system is of great economic importance. If^ however, we 
look at the system from the standpoint of the general user 
of the live stock, interested in cows and horses and sheep 
of excellent constitution, the system of selecting according to 
show points is of no value whatever. The contention of the 
supporters of the system that the judges are really selecting the 
young animals according to constitution is not supported by 
the facts. 

In the long run the breeders will have to recognize that real 
economic quality in a domestic animal cannot be judged at a 
glance, and this will result in a split between breeding for show 
and breeding for utility. Wherever great masses of any domestic 
animal come into the hands of individual breeders, the tendency 
will be to select for real utility and neglect real show points. A 
good instance is that of utility poultry and utility ducks. In 
poultry breeding the breeding of show birds has been almost 
wholly divorced from the breeding of utility poultry. This is 
often true of the same breed. The breeders of show White Leg- 
horns are greatly concerned about the shape and colour of the 
ears, about the points of the comb, carriage of the tail, colour 
of the eyes, etc. They are not interested in early maturity or in 
number or size of the eggs. 

The breeders of utility Leghorns should be indifferent toward 
all those points, and concern themselves only with qualities 
that give the breed its economic value. In reality, in many 
instances the breeders of utility poultry give too much attention 
to irrelevant fancy points that are believed to be marks of 
“constitution”. Eye colour has often been the fashion. 

NOTES 

Althcugh at cxaHentiy argutd chapUr, I am not dtogtthr happy that its 
title is entirely appropnale. It seems to me that ivhat JJagedoom is mainly 
eoncemed with here is the point to which he repeatedly returns, namely, the 
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gdf that too frequently separates show-yari standards from economic utility. 
With that contention I am in entire agreement. I also agree with Hagedaomy 
verdict that show-yard judges are inclined to speak of ‘‘constitution^’ when in 
fact th^ are dealing iviih points of breeder's fan^. Yet, is it true to say that 
the somewhat vaguely defned term "corutituiion'* as applied to livestock is 
entirely a matter of breehrs' fan^? I am not at all convinced that it is. 

My main reason for saying so is that I have heard the word “eonslilution** 
used by livestock breeders who never entered a single animal for show. I have 
heard the term “lack of constitution" used as a criticism of pedigreed slock in 
general and of prize-winning livestock in particular. Whether the conception of 
“constituliorC’ in livestock is nonsensical or otherwise it cannot, therefore, be 
entirely an attempted economic Justification of breeder's conventional standards 
of shoiv-yard exeellenee. 

It seems to me that the term “consttbiiion" in livestock is one mainly 
descriptive of health and vitality. It is one difficult to dffine,yt Hagedoom 
himself provides a quite reasotushle definition; 

“It means that the ammal, under favourable conditions, will be able to 
perform correctly, to produce economical^, to do what we want it to do, and to 
keep on doing it loithout breaking down under the stress of what we expect of it." 
He then gees on to soy, “The eonslitution of on anirnal can be jigged by its 
performance, and not in any ether way." ' 



Chapter Twenty-Four 


Herd-books 


IT he purpose of a herd-book should be to make it 
possible for a large group of breeders to co-operate in the breed- 
ing of some class of animal when conditions are such that they 
cannot very well undertake this task by themselves. 

For breeders of agricultural plants, where each breeder can 
ameliorate his own breeding stock without recourse to the 
material otvned by anybody else, or even for breeders of ducks 
or poultry, which are bred in hundreds or thousands of indi- 
tuduals, herd-books would be of very little value. Most breeders 
of catde or of horses, however, can keep only a very restricted 
number of animals economically, and in order to partake in the 
work ofperfecdug the breed he is interested in, a breeder must 
be able to get data on the breeding and personal merits of the 
other man’s breeding stock which are as complete as the data 
of his own animals. 

Herd-books, stud-books, flock-books vary very much in 
method of procedure and in completeness of the data registered. 
The ideal herd-book would be the one that would give complete 
data about all the animals of the breed, their ancestors and 
descendants. As far as possible a herd-book should not restrict 
its activity to registering the excellent animals of the breed, but 
it should record every animal, and when economically useful 
animals are concerned its record of performance as well. 

The real purpose of a herd-book is to furnish us svith data 
which give an insight into the inherited make-up of the avail- 
able breeding animals. Records concerning ancestors arc of 
v.alue in giring us an idea about the performance and especi- 
ally about the brectUng value we can expect of an individual. 
Records about the descendants of breeding animals are clearly 
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of far greater value than records about the ancestors. This is 
especially true when we are dealing with animals that are still 
living and available for breeding purposes. 

Most herd-books only register ammals of a given level of 
merit, and this restricts their value considerably. The purpose 
of this method is twofold: in the first place it restricts the work 
to be performed by the officers of the herd-book society, and in 
the second place it helps the selection of valuable animals in 
the interest of ameliorating the breed. 

Before we knew much about the mechanism of heredity it 
was commonly believed that the qualities of an ancestor directly 
influenced the quality of his descendants, so that it was import- 
ant for the owner of an animal to be able to show an official 
pedigree in which a long list of direct ancestors were listed, 
each one more perfect than the preceding one. 

Selective registration, the recording of excellent individuals 
and the rqcction of poor ones, has the advantages named, but 
its disadvantages more than counterbalance its doubtful merits. 

A breeding animal, espedally a male that has been used 
extensivdy, produces a variable lot of descendants, some excel- 
lent, some good, some fair, some of poor value. If we can find 
just what land of daughters a bull has produced from a given 
number of cows whose quality is also recorded, tve get a very 
good insight into his value as a breeder. When, however, the 
daughters registered arc a selected group of exclusively good 
ones, the data are incomplete and as a result may be practically 
worthless. When wc sec from the books that a bull has ten ex- 
cellent daughters, it might make a great deal of difference to 
our deductions if we knew whether these ten are a selected 
group out of twelve daughters produced by that father, or 
whctiier the ten arc the only good ones in a hundred! 

If a breeder of laying hens were to record only his excellent 
producers, and scrap not only his poor hens, but also their 
records of performance, he would greatly hamper his own 
progress, as he would never be able to judge his breeding males 
correctly as such. 

Continental herd-books of farm ammals generally use a 
system of selective registration, whereas the English and Ameri- 
can herd-book leaves it to the breeders which animals the>' 
want to register. Both systems have their faults. The system of 
registcnng only the animals selected by the herd-book officials 



Fio a — Two full brolljcrs, Inter mates, at 
weeks The dwarf wcwjhs 40 per cent of 
his normal brother s weight These dwarfs occur 
in a pTOporuon of one m sixteen in the second 
generation of a cross between two normal 
strains Diiarlism seems to be an instance of 
A double reccssiic no\um Such instances arc 
often mistaken for eases of muinion In rats 
the dwarfs arc full) siable (See p 34 ) 




Tig 6 — 'The Autoscxmg Barnnetder, produced by adding the ‘ bamng * gene to a good strain 
Bameveldm by a system of repeated back>cTosses TTic males, being homoz>'gous for the gene, ar 
born whitish and grow up light barred the females, being haploavgous, are bom brown stnpeo 
and grow up greyish brown The sexes can be readdy distinguished at birth (See p 5® ) 







{Photo by courtesy of J Jestttet ) 


Fic 10 — ^First generation cross bull, father Madurese, mother Javanese Manv 
of these \er> acti\e hybrid bulls are bred in the east part of Ja\a for carting 
and for the popular sport of bull racing (See p 93 ) 



Fir 1 1 — nirri? \ d Kibtroom, one of Mr Sairlooa’ 
Ahatian y Wolf hybrids at the at;c of sis montivs llic 
modem jxiJicc doc; o«ea man} of its pood ouilities lo the 
inircxluction of \>olf ccn« into the German siirpherd breed 
riieie hjbruh arc fertile in both sexes (Srr p 3>t> ) 




{PI oU> by tott ef \t J heart U urirtgeruaerd IhUand) 
Fto 14 — \Shen crosi-bred e « produced b> grad ng the local »1 ort laW 
breed of tl e land of \S er ngen to Texels t»cre bred to a full brother a numbCT 
ofdeformcdlanibsvsercbomt* lb the lower part of all four legs mus ng (p tsf; 




{P elu e and teco ds bjr cousUty of Mr J JlunUrSmtlh ) 
I ic i 8 — Amh re Bull C \RNEI L FOOTPRINT property of the Hannah 
Da ry Research Inst tute Scotland 

Th rty two daughters from this bull averaged t 037 gallons 4 to per cent fat 
dut na the i finl lactat on ^dams 72S gal 3 87 pet cent fat) 

A daughter dam compar son s ould g ve him an index of 1 348 gal 4 33 
cent fat but th 5 ssoulo not g ve as good an nd cation of his genotype as the 
pla n daughter average (See p 1O7 ) 




{Photo A Bruymng ) 


Fig ao — ^ADEMA’S ATHLEET, bom Februar> 24, *929, breeder S A 
Knol, HartxNcrd, Holland 

Tins bull scored 85 points in the Friesian herd book (F R S 18 300) and 85 5 
points m the Netherland herd book (N R S 13 817) 

He was declared ‘preferent” after an examination of his progeny, m 1934 
Wlien he t\as fi\e >ears old, he had eight daughters, a\eraging 6 962 lb milk 
with 387 per cent fat, jfrrf lactation He was then bought b> the Co operatue 
Breeding Society m Lonneker Enschede 
The aterage production of his first too daughters (first lactation) was 7,586 lb 
of milk with 4 per cent fat in 330 da>s (See p 187 ) 



{Plotograph by the Society's Scattary, Mr J f ersluts, 
SeroosKcrkc, Jffs6) 


Fia 21 — Tlic Society for improving the goats in 
ihc province of Zeeland, Holland, evaluates the 
animals according to their abilitv to give milk cheaplv 
o\ er an extendeti lactation period Males arc evaluated 
according to the quality of tlicir progeny Coils owned 
b> J \ erpoorte, /Vxcl {Sre p jaG ) 




Fjo 23 — Manningford Faith Jan Craceru) 

Mannin^ford Faith Jan Gracefut Bntish Fnesian,u the t\orld leader for aggre 
gate milk production by December 6 1953 at 15 years 7 months old she had 
totalled 313928 lb milk Thu includes millt in mcess of 363 day lactations 
eight of her lactations ha\e exceeded 20 000 lb of which li\e exceeded 30 000 lb 
She IS the result of a half brotbcr-sisier mating Bred by Geo M Odium and 
owned and des eloped by R and H Jenkinson 

n« sire Manningford Faith Jan R M (died early in igjo), with his first 51 
daughters milked had a first lactation aterage for 36^ days, on 2X of 12 gi8 lb 
of rmlk at 3 65 per cent Perhaps another 20 dai^htcrs ha\c since been i^ked 
of thew daughters to dale 28 have had lactations exceeding "O 000 lb wnth at 
least 62 such lactations B> May 19^3 Gi daughters were RM with 134 
entries averaging around 15 Goo lb milk with 3 ,8 per cent fat, (See p 223 ) 



Fig 24 — Prof O L Mohr of the LmvcrsityofOslo Norvvn) hxs kmdly Jem 
the pjcuirc of nn amputated’ cnlfwiih a \cn distorted skull and lnixll> an> 
lo:s and of a calf svith an cxtrcmcl> shortened neck 

In both eases tJic aberration s\as lethal and rcccvsise (See put) 

















Fio 33 —Spoiled >satcr buffalo belongint; to the head of Rantc Pao Animals 
of ihis strain arc used by the Sadan^ Toradjas in the procession al the festival of 
the dead (Sec p 334 ) 
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is faulty in that it restricts the repstration to fewer animals than 
are utilized in the breed, and so restricts the data about' the 
parents, which in itself is to be regretted. 

The idea of registering only the good animals is laudable in 
principle, but in actual practice it really means that a certain 
number of animals are rejected because tliey do not happen to 
come up to certain preconceived notions of how a young horse 
or bull should look. The selection at the time of registration is 
chiefly upon points of beauty, which have no obvious connexion 
with utility and which have repeatedly been shown not to be 
so connected. 

In the herd-books, which register only the most beautiful 
young animals, very often a separate register is kept in which 
births are registered, so-called calf-books. In certain instances, 
as in the N.R.S. and F.R.S. in Holland, heifers registered in 
this calf-book, even if they have not been eligible for the herd- 
book, are considered as pure-bred, and their offspring from 
registered bulls are eligible for registration in the herd-book. 
This is a step in the right direction, but obviously it is better to 
register everything and to leave the selection to the breeders 
themselves. 

Voluntary registration, as in English and American herd- 
books, has the advantage that no animals from pure-bred 
parents are rejected, so that the data about the breeding of the 
parents could be more complete. This system is not ideal, 
because many young animals are never registered because the 
owners do not consider them worth the trouble. Evidently the 
ideal system of registration would be one in which every animal 
bom was registered, so that every breeder could obtain full 
records of the breeding results from all the animals used for 
breeding in the herds. 

The importance of full records about the ancestry of breeding 
animals has been grossly overrated. It is very much more 
important to know what sort of descendants an animal has, 
than to know what the quality of his ancestors has been. The 
only value of importance the pedigree of an animal generally 
has is to furnish proof that tlie animal is not cross-bred. Examin- 
ing a pedigree we look backwards, and it is much more import- 
ant to look fonvard into the future. 

Some herd-books are closed, that is to say that it is impossible 
to register an animal whose parents arc not both registered 
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pure-breds. There exist, however, a good many herd-b^ks that 
arc open to the extent that in certain conditions they will accept 
animals the ancestry of wWch is not proved. 

There are various ways of doing things. In the Dutch Dog 
Stad’book (XH.S'.B.) an animal could formerly be entered 
after it had earned a certain qualification in the shows a 
certmn number of times. Some herd-books have special regis- 
ters for animals without proved ancestors, and the offspring of 
those animals can be registered in the ordinary herd-books. In 
the NJI.S. Dutch Cattle Herd-book^ specially beautiful heifers 
may be registered in a speaal register, and their calves from 
registered bulls may be entered in the ordinary register. Some 
horse stud-books are not hermetically closed against the accept- 
ance of animals, the pedigree of which is not proved. 

The advantage of an open stud-book is obvious when the 
proportion of registered to unregistered animals in a breed is 
unfavourable. When the herd-book is started and the majority 
of animals are still outside, it will be of great advantage to 
accept the very best animals into the stud as soon as possible. 
Another advantage of making the entrance of unproved 
animals possible may lie in the possibility of admitting animals 
of outstanding merit that can be useful in helping to improve 
the breed still further. 

NVhen, however, no excellent animals belonging to the breed 
exist outade the herd-book, there is no real reason for not clos- 
ing the book to outside animals. In practice this seems to be the 
most general argument for keeping the stud-book open or for 
closing it. 

^Yhcn a breed of animals is imported from some fordgn 
country, there is every reason for closing the registration to any 
animals outside the imported group or their descendants. In 
accordance \rith this, to pve a few examples, the American 
rd-brok of the Holstrin-Friesian Association was closed finm 
5 beginning, with the exception of a few cattle imported fiium 
alland. The Dutch herd-books remmned open, and arc still 
>en. 

There seems no good reason for keeping those herd-books 
>cn o er than the fact that, as the registration is selective, a 
)od many pure-bred bulls and hdfers arc dropped from the 
ooks contmu^y. This produces a mass of unregistered animals 
inch arc really pure-bred, and keeping the herd-book open 
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allows of re-entering this material at a later generation. If, how- 
ever, the inspection for show points at registration, which now 
keeps out about lo per cent, of the heifers and 40 per cent, of 
the bulls, were discontinued, there would be no object in keep- 
ing the herd-book open for registration of any but the offspring 
of registered parents. 

In the last few years the question of registration of high grades 
in cattle herd-books has been much discussed. In Holland, 
where good-looking grades can be registered, some people 
(among whom I range myself) rvant the herd-books to be closed; 
in England some breeders like to permit the registration of 
excellent high grades. 

An ideal solution of the difficulty is to make a ruling by which 
it is possible to register grades in a special register. If we do 
this it becomes possible to prove the pedigree of the higher- 
grade animals. We can then accept as pure-bred those animals 
whose non-registered ancestor dates back for a certain number 
of generations, five or six. In this way it becomes possible to 
make use of the superior quality of an exceptionally good grade, 
without heightening the variability of the pure-bred stock. 

The Dutch Dog Stud-book has made this change in its 
regulations wth very satisfactory results. It is very important 
that only animals tvith a proven ancestry of at least five 
back-crosses to pure-bred sires shall be admitted — a superficial 
examinafion of the looks of a grade animal should never be 
used as a basis for acceptance in the register. ' ’ 

The direct reason for the change in this dog stud-book was a 
case in Holland in which a man I knew bred a litter of hybrids 
out of an Alsatian and a Giant Schnauzer (Bouvier), of which 
one male won for his new o^vner two first prizes as a Bouvier. 
This would have qualified the dog for full registration in the 
stud-book and I was able to convince my fellow-councillors that 
tins was obviously absurd. 
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hereas in some of the domestic animals both 
sexes are equally valuable in regard to the direct use we can 
make of them, in about half the number of kinds of animals we 
fully utilize only one of the two sexes. In milk-cattle and laying- 
bre^ of poultry, the females are of greater economic import- 
ance than the males. 

In those animals where both sexes are of equal use, such as 
in horses or swine or iiir animals, we have the great advantage 
that we can appraise the value of all our breeding animals^ in 
milk-cattle and egg-produdng poultry we arc labouring under 
the handicap that we can dire^y evaluate the merits of one- 
half of the animals bom only. 

Tlus does not mean that we can only judge the direct value of 
one-half of our animals, for all such animals arc polygamous, 
so that we need to use only one male for several females, and if 
we make use of a good method of artificial insemination, this 
proportion is greatly extended. The drawback, that we cannot 
directly measure the egg-laying properties of our roosters or the 
milk-produdng tendcnacs of our bulls, is not quite as great 
as appears on the surface. As we have seen elsewhere a 
system of selection, based upon the indiridual merits of our 
animals, falls far short of the ideal. The best breeding hen 
IS not necessarily the hen that lays most eggs, and if, by any 
means, we could find out how good a layer a cock would have 
^ particular inherited make-up, th is would not be 
a mffiacntly good basis for a system of selection anyhow. We 
imght cvm defend the thesis, and with some hope of success, 
♦ j* arcuuistancc that we are able to judge a stallion as an 
individual performer tends to give too much value to those 
1B4 
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individual qualities of that animal, so that in some respects it 
would be preferable if we could only judge his inherited mate- 
up in a roundabout way, as in a bull, namely, by judging his 
offspring. 

After all, the fact that we cannot directly see the effect of the 
inherited mate-up in the qualities of the animal itself, when we 
are dealing with such animals as co^vs and goats, poultry and 
ducks, is a drawback, for if we could test the laying powers of 
a drake or the milking value of a bull, we could at least recog- 
nize the hopelessly bad ones. 

It is evident that inherited factors play an important role in 
the quality of a hen as a layer, of a cow as a milk producer, and 
it is also evident that the father has as much influence upon the 
inherited make-up of the daughters as the mother has. This can 
be seen from the result of cross-breeding, for when the hybrids 
between two breeds have a certain quality in these respects we 
generally find that it does not matter whether the father or 
the mother belonged to the high-producing breed. 

The idea that individual qualities are inherited as such has 
had its influence upon the breeding practices in these animals, 
for when in these matters we do not think in terms of inherited 
factors, which only indirectly help to determine the final qual- 
ities, but in terms of the valuable qualities themselves, it is easy 
to come to think that the role of the bull is to transmit his 
mother's qualities to his daughters. This idea seems to lie at the 
bottom of the system of judging a bull’s quah’ty as a father of 
good daughters, by looking at his mother’s production record. 
It would not sound reasonable that breeders of milk-cattle 
would use aU the tricks of their trade to bolster up the produc- 
tion record of a cow, if the buyers of a buU-calf from that cow 
<fld not have the notion that somehow this enormous produc- 
tion by the mother made the son a valuable producer of heifers. 

The quality of a hen or a duck or a cow as a producer is only 
partly produced by the genes she carries in her cells, and again 
we must remember that even insofar as some of those genes 
help towards that good production, they arc not necessarily 
transmitted to her daughters, for she may be impure (hetero- 
zygous) for many of them, so that only half of her daughters 
will obtain them. 

_ Ko animal can be judged as a breeder of good stock by inspec- 
tion of its personal appearance. There arc two ways ofjudpng a 
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breeder: we may judge the animal in its direct effect on the 
quality of its of&pring, or v.c may judge its value for the breed 
to which it belongs. The real test wc should apply to a breeder 
is whether it transmits useful inherited factors to all its offspring, 
and whether it docs not transmit useless or harmful ones. 

In theory we may picture a group of animals which is so pure 
that all the animals constituting die breed have an identical 
inhented make-up, being homo7>‘gou8 for all tltc favourable 
factors. In such a group sclccUon of breeding slock is unneces- 
sary, every healthy indivndual being as good a breeder as the 
next one. Such pure, wholly homozygous breeds of ammals do 
c:dst, for instance in some of the laboratory animals, mice and 
rats. When the breed is not pure, however, and comprises a 
certain proportion of animals that arc heterozygous for import- 
ant inherited factors, it becomes necessary to find tl»e indi- 
viduals that are best from our standpoint, and to ensure that 
the majority of animab of the next generation shall be derived 
from these particular animab. 

On paper thb may seem a formidable undertaking, but in 
rcahty all it amounts to b the obvious statement Uiat tlmt 
animal proves to be the best breeder which gives the most 
profitable ofispring. 

It b crident that very often the animab with the best make- 
up will also be the best individuals, but this is not necessarily 
true, for an animal with a very favourable combination of 
hereditary factors may under the influence of adverse con- 
ditions be unable to show thb good genotype by its individual 
excellence. 

A stallion of a radng breed may, as a result of some accident 
in hb youth, be quite useless at the track, whereas he may be 
an excellent breeder of fast young stock. A breeding hen of 
exceptional merit may herself be hatched so late in the season 
that the weight of her eggs and the number produced arc very 
much below average. 

Plant breeders nowadays know quite well how to dbtingubh 
between breeding value and individual merit Tlie most ex- 
treme example is that of the breeding of sugar-beet seed. To 
produce excellent seed economically, breeders of sugar-beets 
sow the seeds of their best families very tluckly so that on a very 
small area they may produce thousands of “stecklinge’S thin, 
weedy fingcrUngs Those thin, scraggy beets have no economic 
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value as producers of sugar, but their inheritance is excellent, 
so that the seed they produce when they are planted out next 
season vdll be so good that it will yield a fine crop of excellent 
sugar-beets. Here the crowding of the heetlets destroys their 
individual value, hut it does not affect their breeding value. 

In selecting for economic production the only safe way is to 
select wholly for breeding results, and not for individual merits. 
The result in matters of breeding practice is that it is easier cor- 
rectly to appraise males than females. As a cow generally pro- 
duces only about two to four daughters, this group of offspring 
is too small to constitute a reliable sample of the sort of germ- 
cells she is able to produce. A bull, however, produces a 
considerable number of daughters, all from different mothers, 
every season, and it will be easy enough to evaluate him as a 
breeder of profitable stock. 
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not been modified as such by any selection. In cattle wc can 
use the records of the first twenty daughters; in poultry wc can 
use the records of all the daughters of a certain hatching date. 

Using the actual economic value of the daughters as a 
criterion by which to compare the breeding value of the males 
used, we can never go very far wrong, for after all wc keep 
those males in order to produce good daughters from them. 
Any other system of choosing males is highly speculative, and 
this is true both of the method of judging a male according to 
his mother or according to his own body points. In the selection 
of poultry the system of using large groups of daughters to judge 
the fathers by is especially valuable, as the birds arc so fertile 
that wc can discard the daughters of all but the one best father, 
so that in this way the animals from which we raise our next 
generation are all the descendants of a valuable proven breeder- 
The greatest difficulty in any system of selection for high 
production lies in applying an adequate test to the animals. 
This is one of those instances in which wc geneticists must help 
the breeders to set up adequate standards of perfection. At first 
sight it appears that in such animals as cattle and poultry, the 
goal we want to sum at is production. In reality wc want profit- 
able production. Our ultimate goal must be to produce a strain 
of animals that will give us an average profit per individual. 

It is not necessarily true that the hen that lays the largest 
number of eggs of the greatest value is the most profitable hen. 
In a set of laying tests in Nymegcn wc found that hens vary so 
much in the ccononuc utiUzation of food eaten, that two groups 
of hens that produce an equal lot of eggs of equal value may 
differ so much in food consumption that one lot is profitable 
whereas the second group is kept at a loss. The same is true of 
cows. Up to a certain point the higher the food consumption, 
c grater the profit ftom the milk produced, but after all the 
only body-character that is correlated with yield is size. The 
arger cows produce more milk than the small ones; but this does 
not mean that the larger cow produce cheaper milk than the 
sm^er on«. It would be the height of folly to select for pro- 
du^on only, as this might very well result in a gradual increase 
of mil^ and in a decrease in the economic production 

■ PO^'ble that under our present system of apprais- 

ing the value of our arumals in productive strains, selection for 
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production only, without regard to profit, pays better than 
striving for economic production. In poultry our present laying 
tests call for hens that produce a great number of large eggs, 
no matter how much food they consume. It seems almost un- 
believable that at tile tests the most profitable groups of hens 
are not necessarily the prizewinners, but for so long as this is 
true, a breeder who breeds to sell, rather than to produce his 
own egg-layers, would not be justified in giving too much 
attention to profitable production. The thing which we must 
change is the system of laying tests, and we must change it until 
the groups of hens that produce eggs most cheaply, the best 
hens, really are able to show their superiority.* 

Economic production is the result of a great many factors 
that co-operate. Both in cattle and in poultry those factors are 
essentially the same. The most important of them are, firstly, 
early maturity, which reduces the unproductive period before 
production starts; secondly, good production, both quantita- 
bve and qualitative; thirdly, economic food-consumption; 
fourthly, longevity. 

Danish production tests have conclusively shown that the 
cows that live to the greatest age produce milk for the lowest 
price per gallon. The same is true of hens, svith which the cost 
of replacement of each producer is relatively high. 

In former times, much money was lost by basing the value of 
breeding stock of productive breeds on false standards. The 
idea that the breeding value of an animal can be recognized 
by a simple inspection of its conformation has done harm. 
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NOTES 

**jVo animal can be judged as a breeder of good stock by inspection of its 
personal appearance.*’ 

“The real Ust we should apply to a breeder is whether it transmits useful 
inherited factors to all its offsprings and whether it does not transmit useless or 
harmful ones.” 

In these two senterues Hagedoom sums up the main thesis of his book. 
Were their message accepted universally there would, undoubtedly, be an im- 
provement in ike productivity and profitability of the world’s livestock. Pfot 
perhaps, such a rapid advance as Hagedoom presumed, because productimty 
is in practice limited by eninronment, especially by nutnlion, rather than by 
breeding, and because profilabthly in faming nowadays depends rather 
more upon what money and Governments are doing than upon what farmers 
(at attempting to do. J/ecerlheless, so far as the breeding factor in animal 
Production is concerned, Hagedoom’s thesis ts incontestable. 

The greatest practical difficult is to design tests which give reliable 
measure of breeding merit. As Hagedoom sc^s: 

“The greatest dijjiculty in any ^slm of selection for high production lies 
in applying an adequate Ust to the anmels.” 

Many of the Usts on which selection for production are at present based are, 
infact, very far from being reliable. Hagedoom himself aUs several instances 
of such imperfection, for instance, the absence of figures for food consumption 
and food conversion tn conventional methods of milk or egg recording. Par- 
ticularly where records of performance are used — as they are frequently used- 
os advertisements in the sale of breeding stock, so far as genuine livestock 
improvement is concerned, incomplete records of this nature might in the end 
prove rasb/r worse than none at aJl. 



192 Animal Breeding 

number of competing animala, but by owners anxious to 

demonstrate the quality of their animals. 

One of the oldest and best-known examples of animal testing 
is horse-radng. This is a very good typical example. Everybody 
knows that in radng the horses entered arc not compared m 
order to find out which of them has most endurance and great- 
est speed, but which of them shall win this particular race. The 
saddling, the training, the weight of the riders, the condition of 
the track, everything is adjusted to this particular purpose, so 
that nowadays nobody thinks of horse-racing as a method of 
finding out which is the best riding horse for fast work. 

A very good example that shows how a test can deviate from 
its obvious objective is that of the poultry laying tests. 

When the first full-year laying tests were started in New 
South Wales, the object was to determine which breeds of 
poultry were most superior for the purpose of egg-laying. Later 
the tests were mainly used to show Ac relative merit of different 
strains of birds witlfin a breed. 

From Ae outset up to about twenty-five years ago Ae only 
quality measured was Ae number of eggs laid. Very soon were 
found birds Aat laid over 300 eggs in Ac first year, and strains 
of birds producing well over 250. It was soon found Aat Ac size 
of Ac eggs should not be neglected, for some of Ae 300-cgg 
birds were hens of great size that produce a small egg every 
day and could easily keep tius up almost indefinitely. However, 
the production of many large eggs by half a dozen hens entered 
in the contest by one breeder docs not show Aat this breeder 
sells notlung but very profitable poultry. I have made quite a 
lot of study of laying-test results and methods, and have conse- 
quently made myself very unpopular wi A many authorities and 
breeders. 

Two points were overlooked at Ac outset. In Ae first place, 
it is possible for a smart breeder to enter a pen of test birds Aat 
wfil lay very many heavy eggs, while Ac general run of stock 
sold by him does not come up to this standard of excellence at 
all. The breeder can set aside some proven breeding stock for 
produdng laying-test winners: he may even buy his test pens. 

ngland is not Ac only country where such pens are for sale to 
prospective competitors at Ac laying tests, 
r second place some hens in produdng eggs utilize their 
food much more economically than others. In Ae end it is not 
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the production of many heavy eggs tliat counts in keeping 
poultry, but the economical production of eggs. 

The first point can be taken care of by ensuring that the 
groups of test birds constitute real random samples of the birds 
at the competing farms. This can be done in different ways, 
one of the simplest being to take large samples of hatching eggs, 
in the way I indicated at the Ottawa Poultry Congress, 1927, 
and which was first adopted in England at the Norfolk egg- 
laying trials in 1937. 

Around 1925, I got the German poultry-breeding ofiicials 
interested in the fact that food consumption as well as egg 
production should be registered at the tests. All the official 
German tests now classify the groups according to the difference 
between the value of eggs produced and the cost of food con- 
sumed. Tests run by the Dutch Genetical Society in Nymegen 
have shown that food consumption is so important that results 
are wholly fictitious when it is not taken into account. 

Greyhound-racing, like horse-racing, is a spectacle and an 
occasion for betting rather than a test of the value of grey- 
hounds for hunting. Racing homing pigeons is perhaps one of 
the most reliable tests for real value in performance, as here 
nothing but speed and an infallible homing instinct count. 

Sheep-dog trials are very interesting in a different respect, 
firstly as a test of obedience and intelligence, secondly because 
they show how breeding for show purposes mins a good breed 
for practical purposes. Collies of the show type have a poor 
chance of winning such trials in competition with the real 
sheep-dogs. 

The testing of police-dogs has become a farce in some coun- 
tries, where the ability to leam the tricks prescribed and to 
perform the actions deemed valuable, has been exaggerated in 
importance to a very great extent. 

Field trials for setters, pointers and coonhounds arc much 
more useful to find the right sort of dogs, but to a certain extent 
they have the same fault in common rvith any otlier trials of 
dogs, namely, that they do not measure resistance to fatigue, 
one of the most important qualities of all. 

Cock-fighting, altliough formally prohibited, has been reviv- 
ing. In cock-fighting chance enters to such a large extent that 
It is hardly more than a fine excuse for gambling. Much more 
effective arc the crowing contests one sees in some parts of 
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Germany. At these contests one witnesses a crowd of extremely 
serious fanciers, timing the number of times the competing 
cocks crow wthin an hour. Here training and feeding enter 
into success, but the most important factor deciding such blood- 
less competitions is the inherited quality of the cocks of this 
spedal breed of songsters! 

The same can be said for the extremely long-wnded contests 
between groups of performing pigeons, tipplers and rollers. 

Endurance tests of riding horses arc extremely useful. In the 
first place they show the superiority of certmn breeds over 
others, and, secondly, they indicate differences between indi- 
viduals. Tests for draught horses, in which dynamometers or 
braked veWcles are used to measure the force of individuals, 
have not been very popular so far, chiefly, I think, because they 
tend to demonstrate that show type has no connexion with real 
utility-value, so that breeders and exhibitors have so far looked 
askance at tins novelty. 

In swine, feeding tests have been rather useful to demonstrate 
the superiority of certain breeds and first-generation hybrids in 
respect to utilizadon of food in putting on weight. These tests 
are mostly run as progeny-tests. They are far from perfect, in 
that generally only four pigs out of a litter are tested, so that 
the important question whether the parents arc homozygous 
or carry unpleasant rcccssives is not decided. 

In dairy cattle milk-testing is very important. The most com- 
plete test is that in which all the milk b weighed, and frequent 
samples arc tested for fat content. A sampling test in which the 
inspector nulks the ammals at intervals of two or three weeks, 
is often substituted, and at times, if not very often, where the 
inspector’s risit can be antidpated, thb gives rbc to some 
trickery or downright fraud. 

Milk-testing b incomplete when the weight or size of the 
animal is not taken into account. Food conversion b as im- 
pOTtant as milk production in finding the value of a dairy cow. 

first country in which this was sufficiently understood was 
Denm^k. The really important point m m dk production b the 
cost of milk per gallon. As lai^e cows as a group give more milk 
than small cows, but as one unit of area supports more small 
cows man large ones, thb amounts to saying that the important 
pomt IS the production of nulk per acre, just as in sugar-beets 
sugar per acre b more important than sugar per beet. 
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It is certain that, where the pasture is first class, large cows 
produce milk more economically than small ones, if the size 
does not go above a certain maximum; but there certainly are 
farms where smaller cows give more milk per acre than large 
ones. 

Measuring milk production only in gallons of milk per cow 
per year is as ridiculous as measuring sugar production as sugar 
per beet. The best dairy cow is the one that is able to transform 
the products of the farm into milk in the most economic way. 

I have not tried to be exhaustive in this chapter; it has been 
my aim to give a general idea of different ways of testing 
animals in regard to performance, and to indicate the difficulties 
inherent in this work. 


NOTES 

The general conclusion to be dravan from this chapter is that while the 
testing of farm animals in regard to performame is highly desirable it is, 
nevertheless, a task of greatest difficulty. As Hagedoom demonstrates, most 
testing methods are incomplete, some are fallacious and, when competitive, 
subject to complete misrepresentation or even to fraud. It would be well if all 
geneticists were better aware of these possibilities which Hagedoom with his 
wider experience so clearly recognized. 
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1 1 is really very curious to see how slowly the im- 
portance of progeny-testing is recognized. It seems obvious tliat 
as the only real object of a bull is to produce of&pring, the 
only really important question to ask when buying a bull or 
using one is whether he is likely to produce good calves. The 
only safe way to answer that question is to see how he has 
bred. 

It b evident that the users of live stock, the farmers, are fully 
convinced that the way a bull or a boar breeds b the only really 
efficient way to test hb worth. Why then are our authorities on 
animal breeding so slow in taking to the idea’ 

The answer lies in the fact that the influence of the cattle 
shows has taught us to regard the individual rather than the 
breed, the ammal rather than the way it breeds. 

In the days of Bakcwell and hb colleagues the idea of leasing 
out young bulb and young rams in order to test thdr value as 
breeders was not new. Since that time, however, we have seen 
the cattle shows blossom out, and assume an importance that 
has for a time overshadowed every reasonable wmsideration in 
animal breeding. 

When we genetiebts began to interest ourselves in applied 
genetics, most of us were botanbts. Only a very few of my 
interested themselves in animal breeding, and 
thb b not to be wondered at when we consider that a genetiebt 
can do a lot of very useful work in the amelioration of plants, 
winch work b generally concentrated in experiment stations 
and seed firms, whereas it b very hard work for a genetiebt to 
geme co^dence of the animal breeders. 

c curious fact ousts that after the coming of genetics, the 
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idea of judging a breeding animal according to tlic way in 
which it is successful as a producer of young stock had to be 
re-covered. I am not generally much of a stickler for priority 
claims, but on this one subject I would like to translate into 
English what I wrote in the first Dutch edition of my animal- 
breeding book. In 1912 I wrote: 

“The only way to judge the quality of a bull in a breed, in 
which fat content of the milk is of great value, is according to 
the fat content of the miUc of all his daughters. And we know 
that it is important to see to it that in reality all his daughters 
are examined.” 

About 1925 many geneticists started to become interested in 
‘bull-testing”, and many different systems have been advanced 
by which the breeding value of sires can be measured. 

Most systems of progeny-testing can be classified into two 
kinds. Some authors take into account tlie quality of the females 
used for mating, and use daughter-dam comparisons forjudging 
the sire; a few others prefer to leave the dams out of considera- 
tion. At first sight it seems obvious that a bull, whose daughters 
average better than their dams, must be superior as a sire as 
compared \vith a second bull, whose daughters are not as good 
as their dams, even if the average quality of the two sets of 
daughters is alike. Most bull-indexes for this reason take into 
account the quality of the dams, by rating the quality of the 
daughters as midway between that of the dams and of the sire; 
sometimes, as in the first Mount Hope index, svith complications 
derived from considerations of dominance of separate genes. 

The more I have studied the subject, however, tire more I am 
convinced that the best test of the breeding value of a sire is 
the average quality of his daughters, svhen unselected groups 
of daughters are taken. In the first place, the object of studying 
the results from breeding a given sire is to get an idea of what 
the quality of the sire’s daughters is likely to be in future. When 
we know a bull has produced a lot of daughters that yield milk 
containing 4 per cent, of fat, we can be sure tliat the daughters 
he svill produce in future from the same sort of female stock tvill 
be of tliat same quality. ^Vhcn we state that a bull has produced 
so many daughters wiUi this quality we state a fact. When, 
however, we confer an index on him based upon a comparison 
of the daughters with the dams, we leave the facts and state a 
h)-po thesis. 
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In animal breeding wc have had too few facts and too many 
theories. The theory that it was possible to judge of a bull s 
breeding value by looldng at his back, the set of his tail ana 
so on has done quite a lot of harm. The theory that it would 
be possible to judge a bull by the ^cld of his mother has been 
proved untrue. I hesitate to advocate another plausible theory 
as a substitute for those that have been proved untenable. 

We must remember that the milk yield of a number of cow 
is due to two different things, to the inherited make-up of the 
cows, and to the way they are managed. The average quality 
of a number of hdfers gives a much better picture of the geno- 
type of this group, than the average quality of a group of dams 
gives of the quality of that older group. This is evident to 
anybody conversant with milk-testing in highly-bred cattle. 
Promising cows are given special treatment to bolster up their 
yield, when records become of special sale value. 

The dams with which a promising young bull is mated am 
certain to be a selected group, if only for the reason that dis- 
appointing heifers are weeded out of all herds. A bull-index 
based partly upon such figures is sure to give a somewhat 
<hstortcd picture of the bull’s breeding value. 

It is very important that the group of daughters according to 
which a bull is rated should represent a sample of his female 
progeny. If it is impossible to examine all the daughters of a bull, 
a random sample should nevertheless be examined, for instance 
the ten or twenty first-bom daughters. It is very important that 
no female offspring shall be omitted. The statement of a bull’s 
breeding value should state the number of female calves bom, 
the number raised, the number discarded, the number of days 
milked of every h^cr, and the results. 

For obvious reasons the first lactation period of a bull’s 
daughters is more correct to use as a measure of his transmitting 
ability than subsequent milldngs of the same daughters. 

use of more complicated bull-indexes, especially those m 
wWch the bull’s value is measured by adding or subtracting the 
difference between dams and daughters to the daughter’s yield, 
nt^essly handicaps the record of a bull used in herds of 
selected cows. In herds where only very high producers arc 
kept, the average yield of the dams is not a fair measure of the 
genotypic quality of those dams, and a very good bull bred to 
such cows may have an indifrcrently good index, when the 
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average quality of his daughters is weighted by correcting it 
as a test of the bull’s ability by subtracting the difference be- 
tween the daughter’s and the dam’s record. 

The average yield of a herd of cotvs, often assembled from 
different places, in which the yield is sometimes raised by the 
rejection of poor producers and sometimes not, but always apt 
to be modified by special care, is not a figure that should be 
used in weighting the quality of a set of daughters of a bull. 
The daughters of a bull have this one father as a common factor 
affecting their quality. If sufficient care is taken that a group of 
daughters is a random sample of what a male can do, the 
average quality of such a group is a very good measure of the 
sire’s quality. 

The use of the complicated indexes has one great drawback, 
itwilllead to all sorts of tricks to bolster up the indexes of young 
bulls, when once bull-testing comes to be appreciated. 

Let us take the case of a bull whose daughters have an average 
yield of i,aao gallons. The cows he has been mated with are of 
two kinds, good ones, averaging 1,500 gallons, and poor ones, 
averaging 900 gallons. If wc would rate the bull according to 
the quality of the daughters from the good cows, his index 
would be goo gallons, but if we rate him according to the 
daughters from the poor cows, his index would stand at 1,500 
gallons. 

When the same bull has been siring calves in two herds of 
cows with a different yield, the average quality of his daughters 
generally differs very little. Everything considered together, I 
am greatly in favour of rating a bull according to the average 
quality of a random sample of daughters, rather than according 
to some complicated index. 

Selecting bulls according to progeny tests is still rather a 
novelty, excepting in Denmark. In other animals, however, 
selection by means of progeny tests has been in operation during 
many generations, and the results have been so good that we 
can now recommend tliis method from actual experience. 

In poultry, both in hens and ducks, selection of layers used to 
be based on the individual laying records of good females. It 
used to be recommended to select the very best layers for a 
breeding pen, and to mate such groups to the son of the very 
best mother (R.O.P.). Results have been remarkably dis- 
appointing. Ten years of strict selection for heavy egg yield of 
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Plymouth Rocks at Maine Experiment Station wm wholly in- 
efficient in raising the average egg ^cld (R. Pearl, igo8). 

We now know that several non-gcnetic factors have more 
influence upon the number of eggs Imd by a pullet than her 
genotype, the date of birth bang among the most importont 
influences. When we set apart a number of hens, that have Ima 
the largest number of eggs, we have no reason to believe that 
these hens on the average have a better genotype than the 
average flock from which we selected them. The common «- 
pcrience of egg-farmers is that the daughters of exceptionally 
good hens are disappointing, whereas the daughters of jmor 
hens arc surprisingly good. This simply means that the good or 
poor quality of a hen depends to a great extent on non-inherited 
factors. 

In theory there would be two ways of using progeny tests in 
poultry-breeding. We could test hens as well as males as 
parents. 

In this way it is very easy to find out which group of pullets 
has been the most profitable one. This obviously is the group 
bred from the best father. When the breeding season comes 
round, these pullets of this best group are used as breeding 
stock to raise the next generation. They are mated with half- 
brothers, cockerels from the same breeding. This necessitates 
keeping a sufficient number of cockcrek alive from each father, 


of course, until the breeding season. 

Tlus system looks complicated on paper, but it is very much 
simpler than the most common system of basing selection upon 
individual laying quality of hens. It means in-breeding, but 
only to a nuld extent, and at a pinch a man can keep the 
progeny of the two best males and mate the daughters of one 
to the sons of the other and vice versa. As I have explained in 
the chapter on in-brccding, the danger of in-breeding lies in 
oycrlooldng important points, because our attention has been 
distracted by other obviously important ones. In my system of 
progeny testing poultry and of sdcction in the male line, this is 
obviated, when the basis of selection is actual profit in different 
competing daughter-groups. 

Several breedm have been using my system for a number 
of gen^uom, with very great success. The most striking results 
•f r ol^tain^ with Khaki Campbell ducks. On one farm 
It has been possible to raise the farm average from 225 eggs 
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per duck to just over 300 per duck per year by means of this 
system. (Ten years later this figure was 340.) 

Compared with the tisual system of basing the selection of 
males upon the mother’s egg record, my system differs in the 
circumstance that there is no chance of picking a poor male with 
a good mother as a breeder. Whether a male shall or shall not 
be used to continue the breed depends wholly upon the average 
quality of his progeny. In the beginning it frequently happens 
that a few males disappoint, but such males have no chance of 
influencing the following generations as they are discarded with 
all thw progeny. 

In the breeding of swine, progeny-testing is used extensively 
m Denmark. Sows are so ferffle that here the work can be done 
both with females and males: but as in all polygamous animals, 
the rapid progress is due to progeny-testing males. A very im- 
portant point in all animals, including pigs, is that the lot of 
descendants according to which a sire is judged, shall be a real 
random sample. When it is possible for the breeders to make a 
few young animals disappear, the value of the progeny test 
becomes problematical. 

In siWne, as in most other animals, we aim to get uniformity, 
and this means homozygosity. For this reason we want to recog- 
nize the sires tliat give no aberrant offspring. In swine hetero- 
zygosity for important inlierited factors is rather common. 


many males producing piglets tvith hernia, with aberrant feet 
or blind gut, or dwarfs. A system of progeny-testing that makes 
It possible that boars, heterozygous for such factors, come to be 
known as famous sires, fails in its object. 

Fattening tests and growth tests in sivine, in which four pigs 
of each litter are tested on gain per unit of feed, and suitability 
for slaughtering, have the very great drawback of allowing of 
mis possibility. It has been urged that in selection we have to 
progress step by step, and that the eradication of lethal factors 
will be taken care of when tlie right type of hog is once fixed, 
Imt this reasoning is genetically unsound. In selection every- 
tlung that affects economic usefulness must be taken care of at 
the same time, for only in this svay can we obviate the possible 
necessity of ever having to abandon the purity and fixity attained 
so much trouble, because some neglected fault has been 
hred into the strain. ^Vhcn in selecting such animals as sivine 
"e allow the breeders to hush up the birth of weaklings or 
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malformed pigleU, we stick our heads into the sand and build 
up lots of easily avoidable trouble for the future. 

There is no reason, with animals in wWch reproducUon is so 
rapid as in sivine, to allow any of the boars to continue orecd- 
ing if they give good, bad and indifferent ofi&pnng. y 
those in which all ofi^ring arc faultless and of the correct 
type should be used for the breeding of the males of future 
generations. , 

In different countries systems of selection have been proposed 
for swine, using progeny-testing in certain ways, but often, ^ as 
stated above, in a half-hearted way. Although we genctit^ts 
ought to be glad that rational tendencies in animal breeding 
arc gradually being substituted for irrational methods, it is wise 
to point out that the danger exists, that the name of progeny- 
testing or bull-testing is used for methods that are only half-way 
cffidcnt. 

A bull, ten highly-productive daughters of which are kno^vn, 
cannot be said to be a tested bull in the sense we wish that term 
to be used, i.c. for animals whose probable homozygosity for 
important genes is proved by the Wgh quality and low van- 
ability of a random sample of their offspring. 

One of the first requirements for progeny-testing is registra- 
tion, There is no way of showing that a sire averages very good 
ofijpring unless we can discover his descendants. 

At first sight it appears as if the herd-books will come in 
extremely useful in tl^ respect; but as most herd-books have 
not been estabUshed to make progeny-testing possible, they 
often have certain faults that make their use very difficult. In 
the first place, some herd-books do not register all the animals 
of the breed, not even all the pure-breds. The Continental 
h^-books generally have a preliminary register, in which 
births are registered, and a herd-book in which only those 
animals can be registered that pass an inspection on show 
points. 

Tim selective registration precludes finding all the daughters 
of a bull, or all the piglets a boar produces. 

The second difficulty is perhaps even more serious. In most 
h^-brolu the names and numbers of all the registered anim^ 
bom dunng one year arc published, and in each animal sire 
aM dam are givm. Tins makes it very easy to construct the 
pedigree of any given animal; all we have to do to fill out a 
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pedigree is to work back from parents to grandparents, from 
grandparents to great-grandparents and so on. 

When we want to work in the other direction, when we want 
to find out, as regards a stallion or a bull, which registered 
animals have been sired by him, we are up against it in some 
herd-books! Very often the administration does not allow of 
doing this work efficiently. When a few years ago a young man 
in Holland wanted to study the way in which show points in 
bi^ were correlated with show points in daughters, and for 
this reason simply wanted to find all the daughters of seven 
famous bulls, the herd-book authorities who had registered those 
bulls and his daughters told him that a system by which those 
daughters could be traced did not exist. He therefore had to 
look through the printed herd-books of several years, page by 
page, to find all the daughters of those bulls, a painstaking 
labour which took him most of his vacation! I am glad to say 
ffiat both large cattle herd-books in Holland now have a card 
index, in which the registered progeny of a bull can be found at 
a glance. This is what every herd-book should have, but what 
as a matter of fact very few of them have. 

. ®°^_^®<^ffities, the non-registration of aberrant or less beau- 
mul animals, and methods of registration that make finding the 
UKcendants of a given animal almost impossible, arise out of 
the tivo principles of the old-fashioned herd-book systems, 
namely, the idea that tlie characters of an animal are inherited 
y ite descendants, so that an imposing pedigree in which 
nothing but first-class animals arc found not only helps 
to s^ a young animal but actually proves its value as a 

Most people breeding horses and cattle were so used to 
toe fact Uiat buying a stud is a gamble, tliat they hardly 
lought It worth while to find out wlictlicr the famous 
brec? pedigrees stood for prepotent sires or for erratic 

Prepotency as such is not inherited from father to son, for 
prepotency from a genetic st.andpoint spells homozj’gosity. A 
sir^ hoinozygous for a great many economically very important 
nnented factors, will produce very many good s-oung stock, 
u when mated witli a female heterozygous for an important 
actor, Itc may well have a son or a daughter who inlicrits that 
uctor only from him, and Uiereforc is heterojygous for it. Even 
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if for tills reason, however, we know tliat prepotency as such is 
not inherited, yet the importance of homozygosity (prepotency; 
goes further than its importance in respect to the generation ol 
direct descendants. In a polygamous animal-group, the use ol 
many homozygous sires has an important influence upon c 
proportion of horaozygotes to hetcrozygotes, and so upon the 
percentage of aberrant, comparatively less valuable offspring in 
the breed. 

The ideal system of breeding in the larger animals is cxtcMive 
progeny-testing, combined with artificial insemination of the 
greatest number of females with the sperm of the sires that have 
been proven prepotent and with tlie elimination of the descend- 
ants of unproven or unworthy sires. 

In Holland both herd-books have established a system that 
goes in the right direction. Some bulls are declared “preferent . 
The first step in this process is taken by the owner of the bull 
who asks for the animal to be investigated. When this request 
is granted, a committee vitits the district where the bull has 
served, and examines his descendants and their records. The 
system would be excellent if it were done early enough in the life 
of the bulls, and as a matter of routine as regards most appar- 
ently good bulls, and if most of the attention were given to the 
economically most valuable points. 

In discussing the work of the herd-books, we must never for- 
get, if we want to be fair, that a herd-book association is a 
society of breeders of a spedal type, namely, breeders who make 
money from the sale of good-looking breeding stock. Rc^tra- 
tion in those herd-books is highly selective, and the selection is 
mrinly on show points and points believed to show “constitu- 
tion”. The result is that in passing judgment upon a bull that 
is proposed for a declaration of “preference”, show points in his 
offspring have the first consideration of the committee. The 
find summary reports upon the body-conformation of the 
daughters, the average shape of their horns, backs, tails, legs* 
udders, and so on. The show points and attractive appearance 
of the sons are not forgotten, the fact that many bull-calves arc 
raised from among lus offspring is deddcdly in bis favour. 
FmaUy, the milk production of the daughters and the fat con- 
tent of th^ milk are discussed, but these points are in no way 
me mwt important ones. Sometimes a fine bull with a lot of 
beautiful sons and daughters is dedared preferent, when the 
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comimttee has said that the yidd of the daughters has been 
sufficiently good, or “not unsatisfactory”, very faint praise in 
a dairy breed. There have been periods in which almost no bulls 
that were still alive were thought worthy of the predicate; 
about twenty years ago there was only one living preferent bull 
in the county of Friesland, the district in which one of the herd- 
books operates. 

The present system is widdy criticized. I have seen these 
bulls called “Holland’s architectural masterpieces” in a South 
^rican periodical, and I have repeatedly written on the sub- 
ject myself. This system nevertheless has its excellent points, 
and could easily be improved into a worth-while system of bull 
teting. Milk production should be given more importance; it 
should count for 8o to go per cent, in the final decision, not for 
20 to 30 per cent. The new card systems, wliich allow of finding 
3 1 the daughters of a bull quickly, should make this sort of 
more easy and rapid; it could be done first in the office 
0 the herd-book on figures only, and afterwards all bulls having 
ghly-productive daughters could be examined in respect to 
prepotency for show points. One of the greatest drawbacks of 
present system is that it makes it appear that only a small 
nunonty of bulls in Holland are worth anything as breeders, 

'V icreas probably the great majority of them are prepotent for 
’’^'l^ary for economic milk production. Especially 
s ou d an improved system be worked as early as possible in 
brccT order to make it possible to use him for 

^^Some herd-books have adopted an imposing-looking system 
S^phically representing correlation betsveen dams and 
^aug itOT in respect to milk yield and fat content. By a sj'stcm 
^ quasi-gcnctic juggling, in whicli it is necessary to use tliree 
tha^'^'^'^ assumptions (which all have fliis in common, 

“th " r oxtremdy improb.ablc!), tlic genotype in regard to 
jj ' genes for fat or for milk is “easily” found for cacli 
oot think sve geneticists ought to be too lenient 
pseudo-genetic humbug, whicli is 
. ' '*^1' 1° discredit our science in tlie eyes of intelligent 
'nveniffi German author von Pntosv is responsible for this 

^jGic jtunt of shoss-ing a sire witli half a dozen beautiful chil- 
tas become rather popular at horse shoe's and catde 



206 Animal Breeding 

shows. It need hardly be said that such exhibitions have only 
advertising value. As the group is far from constituting a random 
sample of the sire’s progeny, the system has nothing to do with 
progeny-testing in a practical and real sense. 


NOTES 

7Hf chapUr, to my mimf, is one of the best and most valuobU in all 
HageioonCs hook. He begins with what I regard as a classical statement of 
the emmon’sense basis of progeny-testing. 

“/< seems obvious that as the only real object of a bull is to produce off- 
spring, ike only really important question to ask when buying a bull or using 
one is whether he is likely to produce good calves. The only safe way to 
answer that question is to see how he has bred" 

The lo^ of this statement is incontrovertible. Jn practice the adsnee^ xs 
rather more difficult to follow. Were a dairy farmer determined when goxng 
to market only to buy an old end proven bull, he might come home empiy^ 
handed or with a bull which for some reason or another was no longer 
elireclive to its owner. Most bulls for sale are young bulls and therefore it is 
in all probability a young bull that the dairy farmer will buy. The progeny 
testing will have to wait until the bull has come home. That, of course, tf 
why bull-buying is and always has been a gamble. By study of pedigree, of 
records, of herds, coniemporaty relativa and the bulVs oxvn phenotype the 
bulUhyer does fas best to increase his chances of a successful gamble. Tel 
tl remans a gamble, and genetics, wfdeh in its modem form is so largely a 
mathematical exercise in random dutnbulion, has done little to eliminate that 
element of chance. 

With the development of A.I. and the accepted target if no more than soo 
btdls serving some 2,000/100 cows, the possibility, in addition to the advisa- 
bility, of progeny-testing has vastly increased. Obviously no bull should be 
perm tied to stand at an inseminaiing station until it has been seen ‘ ‘how he has 
bred". It would be a further sfeguaxi were he mated with his own female 
pngeny—^fom of test-mating— as well as progeny Usted. Aferall, raith 
AJ. and its deepfreeze extension there is no need, it might be scad there is no 
excuse, for usu^ a hull widely until the most fddden recesses of his genotype 
have been thoroughly explored. 

Af^ reiterating his criticism of the futility of show-yard standards, with 
which rtm people not concerned in that specialized activity are now generally 
aiwi, Hagedoom goes on to another matter which deserves a great deal more 
ati^on 0 ^ is being given to it at the present limetn that, as Hagedoom puts 

*. ... name fprogery-lesting or hull-testing is used for methods that are 

^'^nent. Such cnttcism is, inny view, particularly applicable 

e sys of pTogery-iesting f boars being so extensively and expensively 
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adopted in this country at the present time. Sires should, if progeny-testing 
to be any real advance on older methods, be tested on a random sample 
their progeny, and yet in fact this is not being done. As Hagedoom puts it: 

“ When it is possible for the breeders to make a few young animals disappear, 
the value of the progeny test becomes problematical,” 

“Fattening tests and growth tests in swine, in which four pigs of each litter 
are tested on gain per unit of feed, and suitability for slaughtering, have the 
very great drawback of allowing of this possibility.” 
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Chapter Twenty-Eight 

Progeny-testing the Females 


uring the second world war, when I was cut off 
from intercourse wth my American and English colleagues, 
animal breeders and atumal-brceding authorities became pro- 
geny-tcst-conscious. Progeny-testing has ceased to be a novelty, 
and better methods of evaluating breeding stock have come 
to stay. 

During recent years, wherever I have lectured, as well as in 
connexion with my correspondence with breeders of all sorts 
of livestock, it has been necessary to dbcuss how far it is feasible 
to ameliorate the quality of livestock by progeny-testing the 
females as well as the males. This problem is of the utmost 
importance for the breeding of milch cattle as well as for sheep 
and for poultry. 

It is crident that in these three classes of livestock, judging 
the males according to the way they breed instead of according 
to their personal quahties has so many advantages that serious 
breeders all over the world are now convinced that progeny- 
testing those males is indispensable. It seems obvious that if tWs 
method will help us find the best males, it would also help us to 
find the very best individual females. After all, at least in cattle 
and poultry, the females are the most important individuals — ■ 
we keep them to exploit them. For tlus reason it seems absurd 
to many breeders that we should advocate the concentration of 
all our attenfion upon the males. Whenever the nucleus system 
o reeding is criticized, the main objection is almost always 
^ females are so much more important, it is they who 
should be considered in the first place, rather than the males. 

Breeders who now have some practical experience of progeny- 
cs ng methods know that in comparing the progeny of a 
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number of males, the one thing we base our judgment on is the 
quality of the females, the milk yield of the heifers, the wool 
production of the flock, the egg production of groups of pullets. 
Even if it is realized that the males statistically are more impor- 
tant than the females, we base our judgment of those males not 
on thdr own quality as individuals, not on their phenotype, but 
on their hereditary make-up, on their genotype. It is quite pos- 
sible to abolish the score cards of bulls entirely (in fact, the 
Ayrshire Breed Society in the U.S.A. has done just that) and 
give all our attention to the female relatives, to female ancestors 
and female progeny of those bulls, even when we want type as 
well as production. 

To test the quality of the progeny of one male, the most 
obvious method would be to consider that progeny group as 
such, and to find out its value for the particular purpose for 
which the breed is kept. In poultry this is exactly what we are 
doing if we can house the daughter groups separately, in folds 
or laying cabins. In many instances, however, especially with 
cattle and svith poultry and sheep, this is sometimes technically 
impossible. Poultry are often kept in very large groups, the 
daughters of several fathers living in one large laying-house: 
and it is seldom possible to keep those small progeny groups 
separate in sheep. With dairy cattle, too, the daughters of one 
father may graze in company rvith many other beasts. In all 
these instances, individual records arc obtained by special 
methods — svith hens we resort to trap-nests, with cattle to milk- 
testing methods, and svith sheep we keep individual records of 
the quality of progeny groups at shearing-time. 

This means that in a large group of daughters by one father, 
we find good animals, mediocre ones and decidedly bad indi- 
viduals. How should SVC utilize those individual records in our 
selection programme? 

One of the first results of obtaining all those data on indi- 
\-iduals is the possibility ofjudging whether the particul.ir male 
who sired the group was heterozygous for many important 
genes. Each male, to give us a group of daughten, was mated 
to quite a number of females, especially with cattle and sheep; 
but even with poultry a breeding pen will almost always consist 
of ten to twenty hens. In the beginning some of tliose females 
must be heterozygous for important genes. For tliis reason tlie 
universal high qu.tlity of a progeny group from one male mated 



210 Animat Breeding 

to a great many females shows that father to be homozygous for 
many important genes in respect to wliich some other mmes arc 
not. Wc must remember that this docs not presuppose toat we 
know any of those genes separately. In fact, wc should never 
confuse progeny-testing wth gene-analysis. It is relatively un- 
important that we should learn to know those important genes 
as such, if we are out to purify a good breed, for the dan^r 
always exists of over-emphasizing the value of a gene we do 
happen to know. 

What we are really after in progeny-testing our animals is to 
find the individuals that are homozygous, in all those difficult 
cases where complete dominance prevents the recognition of 
heterozygotes by inspection of individual quality. As long as wc 
cannot apply a direct test-mating with the corresponding reces- 
sive, our only hope of distinguishing the homozygotes is mating 
them to a number of mates, so as to make sure of at least a few 
heterozygous ones. 

Let us, as an example, consider the case in which we are 
dealing with just one gene. Let us suppose that Aa animals arc 
indisdnguishable from homozygous AA ones. If wc mate a bull 
(or a cock or ram) to ten females and four of these happen to 
be heterozygous, Aa, there will be some reccssives, aa, among 
the offspring when male to be tested was Aa. On the other 
hand, if all the offspring show the presence of A, this makes it 
very probable that the male tested was homozygous, AA. A 
good example is polledness in Redpoll cattle, rose comb in 
Wyandottes, wWte colour in Merino sheep (as contrasted 
with black). In other words, if wc examine the progeny of one 
male and ten to twenty females, wc have a very good idea about 
the p^ty of that male for important genetic factors. 

It is, however, equally dear that mating such a male to just 
one or two females would not give us the required data. To take 
the same example: wc mate a polled bull to one cow, or a rose- 
comb Wyandotte to one hen. If that one mate happens to be 
a homozygote, AA, all the offspring will show A, whether the 
male tested was homozygous or heterozygous {AA or Aa). This 
IS important, for if wc raised twenty chicks from that one 
matog m our Wyandottes, they would aU have rose combs even 
It tne lather was heterozygous. 

To resume, when wc arc luindicapped in our selection by 
complete dommance, wc can' test-mate or progeny-test males 
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by mating them to a sufficiently large group of females, and the 
results will be good as long as that group of females comprises 
some that happen to be heterozygous for the genes in respect 
to which we want to test that father. 

One single mating, no matter how large the group of offspring 
raised from this combination of two animals, will never give us 
a satisfactory answer. This is just why the test-mating of a female 
is so very difiicult. If a female should be heterozygous for some 
important gene, we would never recognize her as impure, unless 
we happened to mate her to an equally heterozygous male and 
raised a sufficiently great number of offspring from that mating. 
In other words, in such very fertile birds as poultry it would only 
be possible to test-mate (progeny-test) a female by mating her to 
ten or to a dozen different males. This means that the examina- 
tion of the progeny of one single female gives us no insight 
into her breeding quality. If her offspring are good, this may 
be due to her mate. 

Here lies the enormous difference between progeny-testing 
males and progeny-testing females. In the males, hidden im- 
purities (and this is really what the progeny-test is for) tvill mate 
themselves felt, through the birth of inferior offspring from some 
of the many matings. In the females, however, where every indi- 
vidual is only mated to one or two males, the chance of a really 
crucial mating (tvith a hetcrozygote) is very much smaller, and 
it will become smaller and smaller when the group becomes 
more homogeneous and purer. 

A hen that has given six excellent daughters may be a good 
breeder, but this excellent result may equally well depend upon 
the genotype of her one mate. In a cock, however, that has been 
giving daughters from a dozen mates, the absence of culls shotvs 
him to be pure in respect to all sorts of valuable genes. 

Records of production of individual ewes, milk records and 
breeding records of individual cows, and trap-nest records on 
production and fertility in hens arc of great importance. We 
must, however, realize that individual records of such females 
tell us no more than what the constitution of those few animals 
is. In many instances cross-bred females show excellent records 
— they are regular breeders, good producers, and when mated 
to a pure-bred sire tlicy may even have excellent daughters. 

Tlic real object of progeny-testing as a mctliod in animal 
breeding is certainly not only to pick out a few valuable. 
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homozygous breeders (in the male sex): U should be to punfy 
the breed, so that future generations of animals in the breed will 
be more certain to be profitable for agriculture. 

If it were really possible to test both males and females, our 
object would be sooner approximated. It is regrettable that, 
with the possible exception of pigs (where each female can pro- 
duce many ofFspnng by half a dozen different males), there is 
no adequate method of progeny-testing the females. When the 
breeders of poultry, cattle and sheep continue to pay a great 
amount of attention to the quality of those females, they arc 
absolutely right, for the evaluadon of the female stock must give 
them the data by which to judge their male breeding-stock. For 
obvious reasons the breeders tend to believe that selection in the 
female line is of the greatest value. Even breeders who arc using 
progeny-tesUng methods to select their males will be convinced 
that selection in the female line is of still more importance. They 
seldom stop to consider that what they arc judging in the females 
IS phenot)^e, individual quality, and not genotype — breeding 
value. 

Now, what is the result if we rely upon progeny-tests of our 
males enurely and if we stop selecting females? The an5^ve^ 
IS that nobody could possibly do that! Any sheep-breeder or 
poultry-breeder who adopts what I call the nucleus system 
of selection starts by selecting his best males according to the 
quality of their (mostly female) offspring. If he docs not regard 
the production of each female separately, nevertheless he will 
pick out the best group of progeny (the progeny-group of the 
best breeding father), and this most excellent group wll be 
chosen as the breeding-stock for the next generation. In other 
words, this selection method takes the quality of the group and 
not the quahty of the individual female as the criterion. 

Why does this method of selection lead to good results’ 
Simply because it works towards greater uniformity, and more 
consirtent prepotency for the good qualities, or in genetic terms 
towards greater homozygosity, and the absence of unwanted 
rccesives of all kinds that give us those disappomtmK individuals 
m between the eood nn^ 
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Now, what is the result if we mly upon progeny-tests of our 
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is that nobody could possibly do that! Any sheep-breeder or 
poultry-breeder who adopts what I call the nucleus system 
of selection starts by selecting his best males according to the 
quahty of their (mostly female) offspring. If he does not regarf 
the production of each female separately, nevertheless he will 
pick out the best group of progeny (the progeny-group of the 
best breeding father), and this most excellent group will be 
chosen as the breeding-stock for the next generation. In other 
words, this selection method takes the quahty of the group and 
not the quahty of the individual female as the criterion. 

Why does this method of selection lead to good Faults? 
Simply because it works to^vards greater uniformity, and more 
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business man not to give them these. On the other hand, I can- 
not say that I think such trap-nest figures are of any considerable 
help in selection for production, fertility or chick mortality, 
unless this last is due to direct infection. I have, however, seen 
very many instances where a breeder was led astray by those 
individual records of his cows or of his hens. I have seen it 
happen several times that a man who was trap-nesting tended 
to prefer the few 300 eggers in his poorer groups to the consist- 
ently high-producing groups that gave him his best average, 
even when he knew quite well that those good birds from the 
poorer lots were sired by an inferior father. With dairy cattle, 
too, many intelligent farmers would prefer to raise the calves 
from an exceptionally productive cow of unknown pedigree 
rather than those from a group of 1,000 galloners that belonged 
to a sister group in which none produced less. 

Although there are good reasons for trap-nesting and for the 
gathering of individual records, we must remember that such 
records are not in the same class with progeny-records of male 
breeding-stock as far as help in progress towards purity is 
concerned. 

From the experience of breeders using the method, I contend 
that in poultry sufficient progress can be obtained from a 
mcffiod which makes no use of individual records at all, but 
which depends entirely upon a comparison of groups of breed- 
jng-stock produced by individual fathers ivithin pure breeds. 

° '"“'^'^^'ide this chapter I ivill give the genetic explanation of 
bis, for those among my readers who want to know the way 
^ good method worla. 

If we choose the progeny-group that averages best from an 
wnomic standpoint, we choose the progeny of that male who 
appened to be homozygous for a great many important genes. 
'Very Umc we continue with the descendants of a male tliat is 
omozygous for any factor in respect to which wc have a pro- 
portion of hctcrozygotcs in the group, the proportion of hctcro- 
ygotes in the following generation is cut in half. For this reason 
hi' '°ir P™ven sire must on the average be a better male 
mself than the general run of young males in tlic breed, and 
progress, and progressive purification in tlie breed, 
i... '^’’bnuc for as long as tlicre arc heterozygotes in respect o 
imporunt genes left in the breed. 
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NOTES 

This chapkr ttas ivniten appartnUy as cm rather tn the nature of an 
ansu-er to mtinsms and questions raued at Hagedoom^j many lectures and 
meetings tilth practical breeders It was one of the secrets of Hagedoom's 
success that even when he eonstdered the practical breeders^ arguments to be 
unong — as he evidently does here — he never dismissed them ets unreasonable or 
unworthy of careful argument and thought 



Chapter Twenty-Nine 

Breeding Good Males, with the Accent on Bulls 


every sale, at every show, more money is paid 
for males than for females, even when the females only are 
directly useful, as in laying breeds of poultry or in dairy cattle! 
This difference in price between the sexes is really due to poly- 
gamy. This may seem surprising, as few males are necessary, 
and the large supply and small demand might be thought to 
make the males cheap. As a matter of fact the ordinary males 
are cheap, but the few that are kept as breeding-stock bring a 
stiff price because they have been specially selected for this pur- 
pose. In strictly monogamous animals such as pigeons and most 
silver foxes, breeding-stock of both sexes will bring the same 
price. 

Good prices arc paid for first-class males for breeding, when 
the buyer hopes that such males will produce very good off- 
spring; and of course such good prices arc justified when such 
hopes are reasonably well found^. Males are much more im- 
portant than females statistically, as each male has so very many 
more descendants than any female. When we use one bull or 
one cock to every ten females, each male is ten times as impor- 
tant as a female. AVlicn, however, we employ methods tliat 
enable us to use only one cock to a hundred hens, or one bull 
to a thousand cows, tlie importance and the influence of one 
male is multiplied ag.ain by ten or by one hundred. There arc 
two sides to this. It is very much more economical to use a 
system in which very few males suffice, but on the otlicr hand 
the choosing of our males svell becomes so mueh more difficult, 
as tlie risk of having a bad one is so great if we put too many 
eggs in one basket. 

Of the three different metliods we have ofsclecting our sires — 
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pedigree (quality of ancestors), inspection (quality of the sire 
as an individual), and progeny-testing (selection according t 
actual results)— the first two named can in some circumstances 
be of great value. No matter what system we employ to choose 
a male, however, in the end the proof of the value of those males 
will be obtained when the offspring show their quality. 


The Value of Pedigree Is Enormous. If we know from the 
records, that all the ancestors of a certain male belonged to a 
valuable breed that has been selected during very many genera- 
tions, we have a guarantee that he wll on the whole transmit the 
average hereditary make-up of his ancestors. In scientific terms, 
descent from a long line of pure-bred ancestors guarantee 
purity in respect of all the valuable recessive qualities of the 
breed, and absence of unwanted dominant qualities. It also 
gives us a better chance of finding the animal that wll transmit 
valuable genes to its offspring, and that arc responsible for 
dominant qualities, but nothing like certainty. A few very 
simple examples may be given. A pedigree Ayrshire bull can 
generally be counted upon to give homed and spotted calves, 
when mated to any other pedigree Ayrshire, and a Redpoll 
pedigree bull will almost certjunly give red calves from pedigree 
stock. The Redpoll bull, however, may still be impure for the 
genes that help to make him polled or solid coloured, even if 
all Ws ancestors were solid red and polled; in fact, a good- 
looldng pedigree Redpoll bull, bought for an experiment by an 
experiment station, proved to be impure in respect of both those 
typical Redpoll distinguishing qualities at the same time. 


The Value of Personal Appearance of a ram, a cock or a bull 
is grossly overrated. There arc two things that make appear- 
ance valuable, and the more important of these is that a non- 
registered animal of unknown origin that shows all the earmarks 
of some breed is more likely to be a pure-bred than a cross-bred. 
For this reason open herd-books that register grades insist on 
inspection. Within the breed the system of showing and of 
breeding for shows makes it exceedingly profitable for the lucky 
owner of some beast that the judge likes the look of, to sell his 
champion or its offspring. TTic gamble of breeding show stock 
is very exciting, and much money is spent on it by many, and 
won by a few. In itself, however, it is of no intrinsic direct value 
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to agriculture. Breeders and fanciers always strive to justify this 
game in their own eyes (or in those of their wives) by making 
each other believe that it is possible to pick out the most useful 
animals by simple inspection. There is no proof of this, but the 
fancy — except for its attendant hypocrisies — does no harm as 
long as it does not interfere tvith serious animal breeding (as it 
may sometimes do when bulls or stallions have to be licensed, 
by officials trained at the shows). 

The Value of Progeny>testing lies in the fact that it does not 
depend upon any theory but upon actual results. When we want 
a profitable barley or potato we try out a few kinds and choose 
the one that suits our soil or our climate, rather than depend 
upon what the seedsmen say in their catalogues. If we want a 
breed of poultry or an individual cock, a breed of sheep or a 
single ram, the safest way is to try out a few and pick the best 
one. When sueh testing out becomes expensive or risky, we can 
often delegate this work to the local agricultural authorities. 
The agricultural experiment stations have been doing this work 
for farmers for a long time as far as crops are concerned, and the 
Milk Marketing Board has recently started doing it in respect 
of dairy cattle in England. 

Where do we obtain Good Males? When we need some bulls 
for a number of A.I. centres, some cocks for a hatchery that 
wants to give its customers good chicks, or some rams to head 
our flocks, we must do all we can to obtain the very best ones 
for our purpose. We can either find them and buy them, or we 
can breed them ourselves. 

Whether it is better and cheaper to obtain bulls and cocks 
and rams from the other breeders, or to breed them ourselves, 
depends upon a great many things but especially on the rate of 
increase. When the rate of increase is very great, as in cattle 
under A.I., and when the males, once found, wll remain in 
service for a long time, it will often be cheapest to buy them. 
Where are we going to find them? 

Producing males for breeding purposes is a specialist’s job. 

It is a highly-specialized job that should pay very good profits. 

In the vast majority of instances the males wc need are pedi- 
gree stock — and the pedigree breeders have done excellent work 
with the means at their disposal. They have kept the breeds 
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separate, and by their system 

brought them to a state of relauve punty. In most of the bree^ 
of catUe, sheep and poultry, the best outstanding individuals arc 
excellent. That is to say, some of the stock, the majority, coto 
up to the fancy standard of beauty, and a few ofiese in eve^ 
generation arc show champions, while the majonty of amm 
in the breed are very good from an economic standpomt, witn 
a few superlatively good indiNdduals amon^t them. ^ a nu^ 
within each breed, variation from a standpoint of the fancy 
variation from the standpoint of utility arc indepndent, so that 
too much emphasis on show-points just makes it more difhcu 


to find economically useful stock. 

Why do we find all this variation even in pure-bred stock. 
Why so many that are just ordinary, why so many culls? Part 
of this variation is certainly due to adverse circu^tances, to 
infection in youth, to mineral, chemical and vitamin defi- 
ciencies, or convencly, to feeding plenty of full milk to the 
prizewinners. Part of it, however, is certainly genetic. To state 
it in terms of genetics, even excellent stock may give some 
wasters when some of the breeding-stock is heterozygous for the 
genes we need in our potentially excellent young stock. To put 
it briefly, if not entirely accuratdy (for even dominance may be 
reversed in hopelessly impure stock), pedigree pure-bred stock 
is pure in respect to recessive and partially dominant quahties, 
but often very, very impure in regard to many desirable 
dominants. 


What are we looking for when progeny-testing males’ If we 
are deahng with pure-bred stock and not with mongrels, we arc 
looHng for males that are sure to transmit the desirable genes to 
all their oSspring, so that they will have no descendants that are 
handicapped by inherited deficiencies. One thing is certain, 
most pedigree breeds I know arc very far from pure in tWs re- 
spect. This can be shown by the fact that in-breeding in almost 
any breed will produce some genetically inferior young stock. 

A very good, prepotent male will very often sire daughters 
that arc better than their mothers. This is especially so when we 
are mating him to very heterogenous and cross-bred female 
stock: yet, within a “pure** breed this ability of a male to raise 
the quality of his daughters above that of their dams is not a safe 
criterion for very long use, except in grading herds. For several 
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reasons, both scientific and practical, I prefer the very simplest 
test of all, tlie examination of a representative sample of a male*s 
progeny. As I said in my first book on animal breeding (1912): 
‘•‘The only correct way to judge a bull (in respect of butter-fat 
production) is to test all his daughters,” 

The Preferent Bull Scheme in Holland and Friesland, which 
tests a bull’s ability to give good-looking as ^vell as useful ofF- 
spring, and the British Register of Merit Scheme, which looks 
for productive daughters, are incomplete insofar as they leave 
eventual culls out of consideration, but within the work of the 
breed societies those schemes had the useful tendency of drawing 
some official attention to production as well as to show-points. 
The Danish and several American schemes, which take the pro- 
duction of aberrant and disappointing ofispring into account, 
are decidedly preferable. 

Breeding from excellent and beautiful co\vs only, however, as 
in the older schemes, has had at least this good point, that even 
if the breeds are variable, they still contain a proportion of 
profitable and good-looking stock, so that pedigree cattle — and 
the same is true for pigs, poultry and sheep — give us excellent 
foundation-stock to work with. 

The pessimists in the councils of cattle breed societies used to 
condemn any system of looking for proven bulls, by telling us 
that no bulls exist that ■will never give an aberrant or a ^vorthless 
^If, and that it would be a waste of money to raise any really 
inferior heifers to test the sire. It is certainly true, however, that 
in several progeny-testing schemes there have been found bulls 
whose daughters are all profitable. We must also realize that 
homozygosity in this respect is only comparative and relative. 

In cattle, sheep, pigs and poultry, ^ve knoNV a good many 
more or less rare defects that are certainly due to genetical defi- 
ciencies, and it is important that we should recognize them as 
soon as they occur. It is certain that such defects may originate 
spontaneously”, although my o^vn experiments show that such 
quasi-mutations arc often due to breed-crosses. If dominant 
aberrations are selected against, they disappear. In all cases of 
inferiority that are difficult to eradicate we are dealing 'ivith 
recessives, and just breeding the best to the best will not help 
us to get rid of tlic trouble. 

Recessive defects range from fatal things that cause death 
of the embryo, foetal atrophy, dying germs, dcad-in-shcll, 
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malfonnatiom, amputations, dwarfiicss, blindness, deafness, in- 
ability to stand, to more subtle ones that (muse high smcepti- 
bility to disease, trouble svith feathering in chicks, aberrant 
instinct down to plain stupidity, and unanalysable instancK ol 
“doing badly”. Economically the worst rases are those in whicti 
the inferiority is not noticed until the animal hiw been raised to 
maturity, as in barrenness in heifers, progressive blindness in 
hunting-dogs, mental defects in racehorses, paralysis in fowls. 

Although in a fesv instances it would be possible deliberately 
to test a great many animals for homozygosis in respect to any 
of those genes, and to form a group that would consist of homo- 
zygotes only, I very seldom counsel breeders to follo^v such a 
plan. It is very much wser to restrict our attention and 
to the males, and here a general system of progeny-testing ^vlll 
serve very much better and more safely than test-matings. 

The explanation is simple enough. Let us suppose we arc 
dealing with some gene, A, which has such an cficct on groNvm 
and development that the AA and the Aa individuals are good, 
whereas the <w’s are defective. The group consists of a great 
majority of AA's ^vith an occasional Aa mixed in. Every time 
two Aa's happen to be mated together, there is one chance m 
four that an aberrant individual is bom. (From the beginning 
we must keep in the back of our minds that in the same material 
exactly the same may be true in respect to genes B and C and D 
and thirty others.) 

A male is mated to ten or to a hundred females. If that male 
is an AA one, he can never have an aa son or daughter, no 
matter if some of his mates were heterozygous, Aa. If, however, 
our male is heterozygous, Aa, there is a 25 per cent, chance of 
the birth of an aberrant young from any mating of our male to 
Aa females. If a great many cases of the aberration have been 
met with in the breed or strain we want to ameliorate, mating 
that male to a dozen females might show him up as a hetero- 
zygote {Aa). The rarer the aberration is, in other words, the 
lower the proportion of Aa*s in the group of mainly AA ones, 
the more females our male must be mated with to make sure 
that he is ‘ carrying the defect”. The number of matings neces- 
sary to “prove” a bull or a ram, a dog or a cock, will depend 
upon the proportion of heterozygous females in that group, 
the number of young bom from each mating. We can greatly 
ameliorate the method by doing what Wriedt proposed, test- 
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mating a male to a group of his own daughters. If we do tliis, 
an Aa male will always have 50 per cent, of similar (Aa) 
daughters, so that there is one chance in every eight that his 
offspring will be defective (aa). Mating a cock with four to six 
daughters (several chicks from each mate) tvill be enough, and 
mating a dog to six of his orvn daughters ought to be enough, 
but in the case of a ram or a stallion or a bull we ought to have 
at least a dozen daughters, because here a mating does not give 
a litter. 

If for any reason we do not rvant to wait for all this, we may 
speed up the process by taking sisters, to test-mate a male. Here 
we start from the knowledge that a heterozygous male (Aa) must 
have had at least one heterozygous parent, so half his full sisters 
must also be heterozygous. 

When we are dealing with very serious defects, such as blind- 
ness or deafness in hunting-dogs, or bad fertility in cattle or 
fowls, deliberate test-matings of males to their own sisters or 
daughters is certainly indicated. A special certificate for breed- 
ing-males that would be shown to have given no definitely aber- 
rant offspring and excellent fertility from a stated number of 
their own daughters, would be of exceedingly great value, in 
relation to rams, bulls, stallions or stud dogs. Wriedt has pro- 
posed the establishment of such certificates for farm livestock, 
and I have recently proposed doing the same thing for dogs 
where it would be a god-send to gun-dog breeders looking for 
safe sires. 

In all I have said so far I have taken it for granted that in all 
this progeny-testing we were working on the males. Why the 
males? In the first place because in any polygamous group the 
males are several times as important as the females, and in 
the second place because it is almost hopelessly impossible 
to progeny-test females. 

Will progeny-testing the males alone help towards purity? To 
answer this question we must remember that a male tliat has 
been definitely proved to be homozygous in respect to any gene 
ryill have no ofispring lacking it (this is implied in the defini- 
tion). A bull, chosen for rvork in an A.I. centre after he has been 
shown to give nothing but typical he.althy and productiv'c 
daughters in a large enough unselected sample from cows of his 
own breed and family, can be counted upon to give many thou- 
sands of good daughters if his sperm is diluted far enough. The 

a 
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use of a succession of dosely-related proven sires in a closed 
nucleus svill double the proportion of homozygotffi per 
tion in respect to any of the genes involved, even if the females 
are never progeny-tested. 

To answer the question if we could speed up this “V 

progeny-testing the females as well as the males, it will help it 
we see how much we could get to know about a male by raatmg 
him to just one female. We start with the assumption that we are 
dealing ivith an instance of complete dominance, so iat ^ 
animak arc not distinguishable from Aa ones by any direct in- 
spection. To test one male by mating him to one female, we 
would have to know for certain that this female was heter^ 
zygous (Aa), let us say a cow (or ewe or hen) that had already 
given some aberrant, off-coloured or defective young. In ®ttch 
an event we might feel safe when from this one female wc had 
six or eight perfect offspring. On the other hand, proving a 
bull by cxamiiung his offspring from just one good breeding 
cow (even if she gave us a dozen calves) would be very 


unsatisfactory. 

Exactly the same b true when progeny-testing the females. 
One individual cow or hen or bitch that has gi\ en us several 
perfectly good and valuable descendants can never be said to 
be a good breeder in the sense of the progeny-test for punty, 
unless that group of offspring were from at least four to six males 
preferably very closely related to her. In trap-nesting hens or 
ducks, wc repeatedly find that one female that has given half 
a dozen excellent daughters from very fertile eggs, when mated 
to one male, will when mated to another male give several 
chicks dead in shell, or a few very dbappointing daughters. It 
b very profitable for a dairyman to oivn an excellent cow that 
has given two or three very fine daughters with high yield, but 
to think that thb old cow for that reason is the ideal mother of 


bulb v-ould be much too opdmbtic. 

What ^v e want in our breeding-stock b prepotency or purity, 
and in genetic terms prepotency means being homozygous for 
all the important genetic factors kno^vn or unknown. A pre- 
potent ramb aram that will ^vc the right set of genes to all Hs 
get; a prepotent bull b one whose offspring are profitable with- 
out exception. If we need such males for an A.I. scheme wc 


must go to the pedigree breeders to find them. \Vhy? Are not 
the pedigree bulb very often impure for the very things we want 



213 


Breeding Good Males 

most? Of coune they are, as every breeder knoivs from bitter 
experience, but the very fact that such pedigree families are 
closely bred (relatively in-bred) makes the potential variability 
of this stock relatively low — ^necessarily lower than the good- 
looking low grades and their good-looking sons. Pedigree stock, 
however, must be considered as foundation-stock that now has 
to be consolidated and ameliorated by further in-breeding and 
by more efficient methods of selection for the very thing prac- 
tical breeders want — ^purity and prepotency. 

I am firmly convinced the pedigree breeders will have to do 
this for the good of agriculture, and it will be to their very great 
interest to do this work. So far the breeding of pedigree stock has 
been too much bound up with the cattle show game. Breeding 
show animals is still profitable, so long as foreign buyers can be 
attracted— but fanning everywhere is getting more and more 
efficient, and if overseas customers want profitable pure-breed- 
ing dairy cattle they are more and more likely to buy them 
where very reliable breeding-stock is being produced as a result 
of rational systems of selection, even if the professional foreign 
cattle-showmen, will be coming for a few head now and then, 
for the show circuits. 

Breeding excellent bulls for the A.I. centres and for private 
breeders is certainly likely to bring more satisfaction to serious- 
minded breeders than just trying to breed something that will 
please the judge at a show! Is it difficult? 

Perhaps it is a consolation if I say that whereas breeding for 
the fancy means striving towards an ever-receding goal that is 
shifting with the fashion of the day, breeding for uulity is breed- 
ing towards a fixed set of aims, profit resulting from the differ- 
ence betsveen outgoings (rent, labour and food) and incoming 
(milk cheques, stores and breeding-stock). Breeding for the 
shows will always remain difficult; breeding for profit svill 
become less and less difficult when reasonable purity is being 
attained. 

Since Odium svrotc his Matmingford Analysis, the greatest book 
on breeding profitable cattle I have ever seen, pedigree breeders 
have an ideal guide how to do the rvorfc, and a perfect answer 
to all the questions that are bound to crop up. The book also 
shows the enormous d.Tnger oflearing to the hazards of ch.ance 
the efforts of an excellent breeder to establish a nucleus herd for 
the good of the farming community. The breed societies should 
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foster the estabhshment of similar nuclei, safe from the ravages 
of professional jealousy. I am hardly optimisUc 
hope that the breed society councils will take up this task before 
the tmddle of next century. If the private breeders wll not gra^ 
this opportunity, 1 am very certain the Milk MarkcUng Boani 
^vlll be able to do it very well indeed, cstabbshing nucleus herds 
of pedigree cattle for the in-breeding and genotypic sclccUon 
necessary to produce good bulls, testing them in connCTon with 
the A.I. ^vo^k, and keeping them in cold storage until me lew 
outstanding prepotent ones will be discovered and used wit 
thousands of cows. ^Vhat a chance, however, for an intelligent 
pnvate breeder with the necessary capitall 


NOTES 

In discussing the venous entmafor selection oj males with particular 
reference to daity bulls, Hagedoom discusses three tn tom* 

(a) Pedigree 

(b) Phenotype 

Progeny ^ 

Qtnle nghlly he gives greatest waght to (c), Jn stating however that **T« 
value of pedigree is enormous", / feel myself that he is going beyond the 
facts and in a sense contradicting a great deal of his own teaching. If the 
value of pedigree were "enormou^* there would be less need for progeny^ 
testing, and it is indeed on the proven inadequa^ of "pedigree" as a basis 
for selection that the necessity for progeny-testing has arisen. 



Chapter Thirty 


Breeding the Horns Off 


c. 

h^ince the end of the second world war, cattle- 
breeders all over the world have seemed to be anxious to “breed 
the horns off” some of the most diverse breeds. 

In England I have been discussing the possibilities of dehorn- 
ing cattle with orvners of three different breeds, and in two 
places the necessary work has been well started. 

Breeding the horns off cattle in breeds that have always 
carried them is a good example of a straightforward and rela- 
tively simple genetic problem, and it illustrates the difference 
between one of the very simplest genetic “recipes” and the 
actual complex process of carrying out the work m practice. 

Let me start by giving the instructions such as I give them to 
the breeders who want to establish a polled sub-variety of some 
useful breed of cattle. As poUedness is dominant, all the breeder 
needs to do is to cross his breed svith some polled animals, take 
the polled hybrids and breed them back repeatedly with very 
good animals of the breed for five or six generations, imtil he 
has succeeded in getting his original breed back in all its purity, 
but minus the horns. After this he tvill have to produce some 
homozygous polled animals by intcr-crossing, and selection of 
tlic purc-breeding ones among tlic offspring of the intcr-bred 
generation. 

Tliis is all very simple on paper. Adding one gene to an 
existing breed is just what I did in making my first autosexing 
Bamcvclders (see p. 52). Now for tlic difficulties. TIic first diffi- 
culties .arc technical, and the first question to be .answered is 
svhich of the polled breeds shall be used for the wark. Tlicre are 
two sides to tlus question. In some breeds, sucli as the Hereford 
and the AjTsliirc, polled sub-sections of the breed already exist. 
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It would be quite feasible for an English breeder of ei*er Here- 
ford or Ayrshire to obtain some sperm from a pure-bred regis- 
tered polled sire, have it flown over from the U.S.A. and pro- 
duce some polled pure-bred calves. This would save the breeder 
at least five generations, a matter of ten to fifteen years. 

If for some reason this seems out of the question, so that the 
breeder will have to go the long \vay of repeated back-crosses, 
it is not impossible that careful inquiries will find some non- 
pedigree polled animals in the breed to be^ dehorned. In the 
autumn of 1946 1 was shown a few polled Dairy Shorthorn co^ 
that had every appearance of better-quality ordinary examples 
of the breed. By starting with such animals as one may find, two 
or three or even more generations of breeding work can easily 
be saved. For several reasons it would be a great saving of time 
and money if one could find pum-bred, pedigree ‘‘freaks 
pedigree pure-bred animals bom without horns. Mr. Victor 
Berger of Stoke Hammond has located a few head of pure-bred 
Guernseys that are naturally polled, and he is on the look-out 
for a few more of them. The Americans tell us that the first 
polled Herefords were freaks found in pedigree herds, and 
although on the face of it such a “mutation” seems very im* 
probable, I would not be too emphatic about it. So much is 
certain, that the pure-bred Herefords of the polled sub-sections 
both in America and in the Argentine are seldom up to the 
show standard of the homed sub-scction, or seldom as good as 
the polled animals >vilh one homed parent. This would indicate 
that even in this instance the polled beasts originated from a 
(remote) cross. 

If for some reason no polled individuals of the breed are avail- 
able, so that a cross is indicated, I should judge that it does not 
matter very much which polled breed is employed. 

At one of the agricultural experiment stations a Redpoll bull 
has been bought to dehorn the Ayrshires. If such a bull em- 
ployed is piuc-brcd, he should give nothing but polled calves, 
even when their mothers arc homed. The particular Redpoll 
bull happened to be hetcrorygous in respect to t^^'o of the factors 
concerned, for only half of lus ofispring were polled, and some 
of his calves were spotted. In this particular case any chance 
* polled bull bought at the market would have done as well as 
this pedigree btdl. 

Is it necessary to use a pedigree, pure-bred bull of a polled 
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breed for this purpose? I should think there is not the slightest 
advantage in getting an expensive bull, for the cross-breeding 
will destroy any homozygosity in any case. 

The first cross-breds should be mated back to the breed to be 
dehorned, and only the polled calves (50 per cent.) should be 
saved for use. It is evident that this takes a very long time, for 
at least five back-crosses should be made, before the graded 
animals should be mated inter se to produce the homozygous, 
pure-breeding polled Ayrshires (or Lincoln Reds, or Herrfords, 
etc.). 

I know firom experience that every breeder who engages in 
such a scheme wants to discuss cutting down the time required 
for the proeess — and it svill be possible to save time in different 
ways. In the first place, it will be possible to do the cross-breed- 
ing and back-erossing in the male line, using the polled males 
as soon as they are ready for breeding. This saves time, but it 
makes selection for yield or conformation impossible. This, in- 
deed, is not very serious, as selection during a repeated scries of 
back-crosses should be unnecessary, for we must rely upon the 
average excellent quality of the family or families in the breed 
we want to dehom. 

A much more serious objection to the use of male cross-breds 
for grading up lies in regulations existing in some countries that 
require the licensing of breeding bulls. Such measures (of very 
doubtful value anyhow) might interfere -with the work, and 
might force the breeder or the experiment station to proceed 
in the female line just to obviate interference by well-meaning 
and zealous officials, who might not be too well grounded in 
genetics. 

A more obvious way to save time is using imported sperm 
from pedigree bulls of an American polled section of the herd- 
book such as we know exist in Ayrshire, Hereford, Friesian 
and Guernsey, in the U.S.A. I have already spoken of the 
occasional polled "freak” that can be found in the market, and 
that is probably simply a graded beast derived from some 
forgotten cross of a few generations ago. 

Since this book first appeared in England a great many 
breeders have started delioming different old breeds to take 
adv.antagc of die greater docility and absence of bullj-ing result- 
ing from the absence ofhoms. In discussions in the weekly press 
it has been often proposed to cutdovm the number of generations 
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required, by inter-breeding the first or second generation of 
good-looldng cross-breds. It is, indeed, a great temptabon to 
a breeder who has, by one back-cross, produced some 
and typical heifers, to breed those beasts to a similar ooss-breu 
and good-looking bull. It has been urged that m theory one 
could produce pure-breeding and excellent breeding-stock in 
this way, provided we took the numbers large enough to nnd 
the necessary homozygotes in respect of half a dozen importan 
genes. This is certainly true — on paper! — but I must emphati^ 
ally warn everybody against this. If we knew that we were oiuy 
concerned with half a dozen genes, we could easily calculate the 
number of second-generation animals necessary to produce a 
proven bull, homozygous for all those genes. In such an event 
we would only have to test about a thousand second-generation 
bulls, by suitable test-matings: but what about the possibility, 
nay, the probability, that we are really dealing with t\vcnty or 


thirty important genes? 

Even in poultry, where fertility is so much greater, and 
maturity comes so much earlier, inter-breeding of hybrids in 
order to produce novel breeds is very, very risky. An actuw 
example is given by the difference between the Legbar, which 
was produced by selection from cross-bred fowls, and the auto- 
sexing Leghorn, which was made by bringing the sex chromo- 
some from Cuckoo Leghorn into a highly in-bred strain of 
Brown Leghorn by repeated back-crosses. The difference inpur- 
^SS colour and production in this instance is wholly due to 
the fact that advantage was taken of those qualities in this one 
particular strain of Bro^vn Leghorns, breeding back to this strain 
repeatedly even if it took a few more years to get the final results. 

The advantage of repeated back-crosses over breeding hybrids 
together is not only that this back-crossing automatically makes 
for greater purity, but it also makes it possible to do the work 
with half a dozen animals per generation instead of with several 
thousand! 


Ineritably in every scheme of this kind the qu«tion comw up, 
whether^it vdll or will not be possible to retain some point of 
superiority possessed by some of the cross-bred animals as com- 
pared with their pure-bred relatives. I always tell my corre- 
spondents that just plain routine back-crossing will give them 
their own pure breed back as it is to-day with that one single 
gene added. Perhaps it is necessary at this point to assure my 
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geneticist friends that I am very well aware that we can only 
be sure of substituting an entire chromosome, not just one gene, 
although crossing over should dispose of most of the other genes 
on that chromosome in several back-crosses. 

A more complete answer to the question depends upon two 
things — upon the actual outcome of the first back-crosses, and 
upon the possibility of keeping twenty to thirty beasts in every 
generation instead of half a dozen. If this is not excluded — and 
in breeding stations it should be possible — then a second domi- 
nant characteristic in addition to just absence of horns could be 
kept in and retained in the final herd. 

In the literature on polling cattle some authors are very em- 
phatic in their statement that the heterozygous animals bear 
SCUTS. My experience was that they are completely polled. For 
this reason I was very much interested in the first results of some 
of my correspondents. Obviously it would be an enormous ad- 
vantage if we could in the end recognize homozygous from 
heterozygous polled cattle. If the statement were true, it would 
be extremely simple to tell the homozygous polled animals from 
the impure ones as soon as we obtained an inter-bred generation 
after grading up. In none of the cases I have been able to follow 
up, however, was it true, norivithstanding the fact that some of 
my colleagues in their diagrams have assumed the heterozygotes 
to carry scurs. It may be true in some instances, but in 
Hereford, in Aberdeen-Angus x Lincoln Red and in Redpolls 
no diflerence bctivcen homozygotes and heterozygotes is dis- 
cernible. 

Most of the polling projects svith cattle arc of comparatively 
recent origin, and for this reason it is very interesting to be able 
to quote one recent advanced instance. Mr. C. Mannings of 
Heathcote, New Zealand, tells me that he has bought a Coates 
Herd-book polled bull by a son of an American polled cow out 
of the same cow’s polled granddaughter. He has been mated to 
twelve Coates Herd-book cows, as my correspondent has to 
work through this book in order to enter the stock in the New 
Zealand Milking Shorthorn Herd-book eventually. Soon this 
breeder svill have somctliing absolutely unique, a pedigree 
polled Coates Herd-book stud! Some of the very best proven 
bulls in New Zealand have gone into the making of this. 

Many c.xamplcs from overseas have helped to convince the 
autliorities tliat it would p.ay the pedigree breeders in England 
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to keep abreast of the times if thdr foreign a^ colomJ^ 
tomers are resolved to do away with the horns. The export trade 
in cattle b not as important as it used to be, but I suppose it is 
worth while saving it if it can be done. t. n f 

Mr. Eric L. G. Pentecost of Nottinghamshire was the tint 
British breeder in modem times to deliberately dehorn a weU- 
known breed by genetic means, i.c. by the adding of ^ gene 
(or substituting a chromosome carrying it) from another breea. 

After some correspondence he used Red Aberdeen-Angus 
males and then back-crossed the polled females for four or five 
generations to males of Lincoln Red Shorthorn, continumg 
always from the polled ones. He has now come to the stage 
where the heifer calves will be used for interbreeding and he h^ 
agreed with the Lincoln Red Shorthorn Society to pass the 
benefits of his work to them by registering these heifere^ 
foundation females of the new polled breed (or section). Wim 
regard to bulls, only polled bulls which are homozygoi^ for the 
polled gene may be registered with the Society; for it is Mr* 
Pentecost’s object, with which the Lincoln Red Shorthorn 
Society concur, to make the separate polled section so that all 
animals registered will breed loo per cent, true to polling, like 
the Aberdeen-Angus or Galloway, by the use right from the 


beginning of homozygous polled bulls. 

Occasionally a hornless ram appears in a merino flock. In 
934 T. S. Falkincr & Sons of New South Wales started to breed 
a polled merino stud (Fig, 37). The interest in polled rams is due 
to the following considerations. The natural horns arc entirely 
\vithout practical use, but they have disadvantages: (1) The 
rams wth horns have to carry on their head considerable 
weight, a great disadvantage in hard times when they have to 
walk long distances. (2) Flics strike at the base of the horn on 
account of a special odour: tb« is probably the most serious 
menace, (3) Rams irith horns arc caught in fences and die, or 
t\^o become locked together and both die. (4) Hornless rams 
arc usually in the lead, heads well up in walking, indicating the 
advantage they have without these obstructions. (5) Station 
I^plc from the outback report that hornless rams do better, 
live longer, arc more active and more likely to escape their 
enemies, Mr E. H. (later Sir Edivard) Lefroy, himself a breeder 
of polled merinos, who sent these details, thinVt that in the long 
run the merino will be predominantly a polled breed. 
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There is little to add to this chapter which contains all the advice offered 
by the geneticist to the numerous Breed Sodelies now engaged in the business 
of establishing polled varieties of homed breeds. In justice to the practical 
breeder it should be added that he succeeded in establishing polled breeds 
before there were any geneticists available to advise him. Both Aberdeen^ 
Angus and Galloway cattle are descended from ancestors of which many were 
homed. 



Chapter Thirty-One 


Pedigree 


hen we thought inheritance was the transmit- 
tance of an ancestor’s qualities to his descendants it seemed vciy 
important to know the qualities of the ancestors of an animal, 
because we thought this quality of the ancestry gave the animm 
not only its own characters but also the power to transmit good 
quality. 

The result has been that, wherever breeders and fanciers were 
interested in pure breeds, pedigrees have been kept up rchgi- 
ously. Some breeders still think that it makes an animal more 
valuable when it can be proved that among its ancestors the 
names of famous well-known animab occur. 

With a better understanding of heredity, due to a develop- 
ment of the science of Genetics, much of this value of pedigree 
disappears. We now know that it is not the qualities of an animal 
that are inherited, but one special kind of substance in the 
cell-nucleus, which when co-operating with favourable en- 
vironmental factors ^vc an animal its qualities. Heredity is the 
transnuttance of these genes. Even, however, as far as we could 
think of those genes as “determinants” for certain characters, it 
cannot be said that an animal which shows the possession of a 
certain gene must necessarily pass this gene on to its children. 
An animal, excellent in itsdf, may be heterozygous for import- 
ant genes, and an aiumal heterozygous for a gene only passes it 
on to one-half of its children. 

In certain cases a good pedigree may be of value, namely, 
where it can be learned from it that all ancestors have belonged 
to one breed, so that cross-breeding has not taken place recently. 
On the othw hand, it is unnecessary to know anything about 
the more distant ancestors, when the make-up of the parents 
232 
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is suffidently known. In our mouse colony we have a few highly- 
in-bred, entirely homozygous strains. It is sufficient to know 
that a certain mouse is bom from two parents of the Little 
cancer strain, to know exactly what its constitution is, how it 
will react under given circumstances and so on. In such 
instances as in that of the black Lahore pigeon, the Wistar 
Institute albino rat, and a few similar pure strains, knowledge 
about ancestors is entirely superfluous, it suffices to know that 
both parents belonged to the pure strain. 

Often, a study of an animal’s pedigree svill give us an entirely 
svrong idea about its qualities. In herd-books where selective 
registration is the rule, a pedigree will only contain the names 
of animals approved by the registration committee; but this 
pedigree teaches us very little about the probable qualities of 
a young animal. It seems plausible to believe that long lines of 
only superior ancestors give a good guarantee of quality; but 
this is entirely erroneous. 

An example svill illustrate this. In the Blue Andalusian fowl 
all blue animals are heterozygous. Mating blue svith blue gives 
only 50 per cent, blues. Wlien we study the pedigree of a Blue 
Andalusian cock, its parents, grandparents, great-grandparents 
and so on are all seen to have been blue. We know that they 
have all been heterozygous, but this does not appear from the 
pedigree, and we know the pedigreed cock to be heterozygous, 
although this cannot be inferred firom the pedigree. 

The good quah'des which make the ancestors of an animal 
eligible for registration, may be very largely due to environ- 
mental circumstances. In circumstances like that of the Dutch 
marked rabbit, the registered ancestors of a young animal are 
all perfectly marked. They do not, however, differ genetically 
from the non-registered mismarked relatives, and the fact that 
all ancestors were perfectly marked, docs not make it more 
probable that the young animal ^vill have good markings, or 
svill breed young stock ■with good markings. 

In earlier years the craze for beautiful pedigrees assumed 
much greater proportions than no^vadays. I remember in my 
Californian days a heated controversy beuveen Jack London 
and Mr. HilUer, two owners of Jersey bulls, who both claimed 
to own the “best-bred bull’’ in Galilbmia! The dispute was 
formally settled by a committee examining both pedigrees. The 
actual quality of the bulls as breeders did not get discussed at all. 
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The necessity of furnishing accurate and imposing p^grccs 
with all livestock sold was the first object in the establishment 
of herd-books. For this reason the administration of the register 
is generally so arranged that in any pven case it is possible to 
find the ancestors of an animal at a glance, whereas it is prac- 
tically impossible to work in the other direction, and to look up 
the descendants of a given animal. I am proud to say that, as 
already indicated, the two cattle herd-books in Holland now 
have a card index, which makes it possible to find •which 
animals are the children of a given bull. 

Now that a few cattle herd-books have realized the importance 
of bull testing and regularly publish the average yield of a bull s 
daughters, they vdll be forced to give more attention to geno- 
type and performance than to mere pedigree. 

The pedigree of an animal, when sufficient data are given 
about the ancestors, including the results of progeny-testing, 
would be a very valuable guide to help guess its breeding value. 
It is dear that, when we know that an animal descends fro® a 
long line of prepotent (homozygous) sires, the chance that it 
may turn out a good one looks brighter. One or two famous 
males in the ancestry, even such data as the proof of descent 
from a “preferent” bull, arc of very little value as a guide in 
buying livestock, 

As a rule the prices paid for pedigree stock arc much too high 
in relation to the probability of quality. This is profitable for the 
herd-book members, who arc out to make profit from the sale of 
breeding stock, but it often leads to disappointment, and there- 
fore tends to rnake the breeding of such stock risky. 

The faith in a beautiful pedigree b often astonbhing. I remem- 
ber how the Dutch agricultural press wote about the “breeding 
value” of a bull sold to a Japanese delegation, in terms that 
made one think thb must have been a bull proven by long Ib^ 
of exceptionally good daughters. It "was said to be a pity that 
sudi bulb ^\crc sold to foreigners. When the article went on to 
^tc that the bull was ten months old, one wondered about the 
faith Orientab still seem to have in ancestry. 

As long as customers of Hvcslock set great value upon pedi- 
gree, It will pay to sell calves and foab and piglets with offidal 
pa^: but I do beUevc it b high time that the intelligent 
breeders themsdves should know that the value of such papert 
IS greatly overrated. 
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When pedigrees are issued with breeding stock it is important 
that the pedigree shall be correct: not so much from a genetic 
standpoint, for so long as the parents and grandparents are truly 
named, the rest is of small importance, as the chance that an 
animal derives one of its chromosomes from a far-removed 
ancestor is very small indeed. The customer, who believes in 
pedigree, wants to be sure that the pedigree is correct. This has 
been one of the reasons for the State Herd-books in Canada. 
Some herd-books are much more honest and strict than^others, 
but the general trend is toward honesty in these things. The 
time when it was possible to buy official papers with a foal 
bought in the market, and when it was found that one mare had 
four sons credited to it as bom svithin one year, is past. 

I believe that in the matter of pedigrees the time will soon 
come when breeders will clamour for reorganization in herd- 
book methods, and that the days when a bare pedigree that only 
gave the names of all the ancestors was considered of great value 
are past. 


NOTES 

At the end of this chapter Hagedoom wrote: “. . . that the dwps when a 
bare pedigree that only gave the names of all the ancestors was considered of 
great value are past!* I would suggest the substitution of the word 'passing'* 
for "past**. I feel that the word "pedigree** when applied to livestock is still 
generally accepted as being synotvrmous with superiority. The statement that 
pedigree is merely a record of ancestry^ sometimes of doubtless authenticity, is 
stilt regarded as being somewhat heretical. 
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The Nucleus Scheme of Pedigree Breeding 


1 n all of the important domestic animals and birds, 
the object of selection is to improve the average quality of the 
stock. The users ^vant groups of animals that arc very much alike 
because, for obvious reasons, great similarity is worth so much 
that the presence of occasion^ superlatively good individuals in 
a mixed lot does not compensate for great variability. 

The fanner’s ideal is a group in which no aberrant, com- 
paratively worthless young individuals are born; he wants cattle 
or sheep or poultry that react in the same way to the same 
treatment animals that start producing at the same time and 
that during production can be treated alike. 

Mass selection, the ordinary system of selection in livestock, 
generally tends to produce flocks and herds of domestic animals 
in which harmful dominants have been bred out, but in which 
many animals arc heterozygous for desirable genes, so that im- 
w^ted reccssives often crop up in every generation. On the 
whole, the chitf problem before aU breeders of farm Uvcstock 
IS the purification of their best groups of animals. If the farmer 
can ^ ave vcstock that are as good on the average as the best 
^ j* • animals, barring the very few superlative show 

in viduak, he is satisfied. This means that we must try to ivork 
m mch a way that this goal is reached. 

W^s selecUon will never do it, for wherever the animals that 
from ® for an important factor are indistinguishable 

anH ri^rf °"'?^Sotes, these hctcrozygotes will keep on breeding 
that ® the unwanted reccssives. A system of selection 

heteroyv^ of Weeding out the reccssives and which leaves the 
hctcrozygotes is very incfrectivc. 

n the chapter on test-mating I showed that, wherever it iJ 
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possible to ensure that all the males procreating in any one 
generation are homozygous for a given gene, the proportion 
of heterozygotes in the next generation is halved. This is true 
of every gene for which the breed is not yet pure. 

Now it stands to reason that it is impossible to employ deliber- 
ate test-matings to find males homozygous for all the important 
genes in a large population of animals or birds such as one of 
the popular breeds. In the first place we do not know those 
genes as such, or only a few of them; and in the second place 
this would necessitate an enormous amount of experimental 
work. 

Wherever we do not know the gene, or the combination of 
genes, that must be present in our best animals, we can sub- 
stitute progeny-tests for test-matings. When a certain proportion 
of animals in a population is impure (heterozygous) in regard 
to the many genes we want to see in all our animals, a male will 
be mated to several heterozygous females. If, for this reason, we 
know the quality of a great number of his descendants, we get a 
clear picture of his homozygosity in respect of quite a number 
of genes. 

It is evident, however, that even test-mating is not a method 
that can be applied to all breeding males ivithout turning the 
present system of breeding animals upside down. Most males arc 
of very little importance in the breed, and it would be a ivaste of 
energy to work in such a \vay that even those males would have 
to be tested. 

It is possible to propose a system of selection that makes the 
fullest use of progeny-testing to get the result we want— great 
purity of the breed in respect of all the most valuable qualities. 

To do this we must realize how a breed of animals is generally 
propagated. RouglJy, we can distinguish in any breed of 
animals a relatively small group of animals or birds of high 
quality in tlie hands of a fesv pedigree breeders, while the 
majority of tlic breed is in the hands of tlie common farmers 
who use die animals for commercial purposes. This larger 
group of farmers, the users of the breed, tend to look up to the 
pedigree breeders, and die pedigree breeders sell breeding stock, 
mainly male breeding stock, to the farmers with the object of 
improsing the qu.dity of the fanners’ animals. 

This system is excellent in pnnaple. If we examine it in 
detail however, we immediately see the very obtious flaws, and 
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it must be our object to reUun the good qualities of the present 
system and to make it more cfBdcnt than it is. 

As all our most important domestic animals^ the hone, cattle, 
swine, sheep, poultry, arc polygamous, a very few males suffice 
in each breed, and as half of the young bom arc males, it is 
evident that a relatively small nucleus of excellent breeding 
stock is sufficient to produce all the males needed in the whole 
breed. 


When, however, we investigate the quality of the animals in 
the hands of the pedigree breeders and compare this quality 
with that of the common herds, we sec that very often the 
difference is too small. Often the difference lies maiiUy in super- 
ficial things, in show points, in markings, in the set of the tail, 
in eye colour, and it is evident that the system of agricultural 
shows is mainly destined to establish an artificial standard of 


value, that confers on the animals in the hands of the pedigree 
breeders an artificial superiority that is in no obvious way 
related to real economic superiority. 

Worse still, when wc really delve down to facts we find that 
the beautiful pedigree animals, the champions of our sho^vs, arc 
in no way pure for the very inherited factors that help to make 
them beautiful. It was an unpleasant surprise to many herd- 
book members when recent researches on the inheritance of 
show points in cattle indicated that, if one is especially anxious 
to breed heifers mth all those marks of superiority, wth straight 
backs, heavy legs, well-set-on tails, one is as likely to produce 
mem from a cheap bull that has no very great claim to beauty 
those points as from a sho^v champion that exhibits 
all those admired qualities to perfection. The pedigree stock can 
certainly not claim superiority because of great homozygosity, 
not even in so far as concerns genes that help to produce the 
wanted show points. 

As regards economic quality, wherever an unbiased investiga- 
tion IS made into the relative merit of pedigree and non-pedigree 
swine or catUe— the result is always the same; 
” always slight, and generally the non- 
pedigree ammals are just slighffy more valuable economically. 

certmnly no great admirer of the results of pedigree 
rlsJm and yet I maintain that even if th® 

° J P^Jgree breeders were whoUy unfounded, the 
system, which is based upon the idea that pedigree stock is more 
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valuable, should be retained. It is high time, however, that we 
geneticists should help to produce a state of things where 
pedigree stock really is more valuable than non-selected stock! 

The reason why I want to retain the system of breeding that 
consists of maintaining a nucleus of excellent stock in every 
breed from which males are produced for the rest of the breed, 
is as follows. 

When our aim is purity for that set of genes that we now have 
in our very good animals, we must work in such a way that the 
variability in the breed is lowered. As already observed earlier, 
I once introduced the term “total potential variability” for the 
number of genes in regard to tvhich a group of animals is not 
pure. The total potential variability tends to be raised by cross- 
breeding, and very rare mutations, and to reduce itself auto- 
matically in every group that is closed to admixture of outside 
individuals. 

The reduction of variability of a group is much more rapid 
in small groups than in big ones. It is rather a complicated 
business to calculate this reduction of the variability, but Lush 
has given simplified formula to make a sufficiently accurate 
calculation for our present purpose. We can calculate the pro- 
portion of the potential variability that is lost in one genera- 
tion. If we call F the number of females in the group and M the 
number of males, the proportion of the potential variability lost 

in one generation is about ^ -b In polygamous animals 

where the number of females to every male is very large, F is 
very large in proportion to M, and for this reason the number 
of males in the group really determines the proportion of tlie 
potential variability that is lost in one generation (in-breeding 
rate). The formula tlien becomes i/8M. In a group in which 
10 males are used, i /8o is lost, in a group with too males only 
I /8oo is lost, but in a group with only one sire, i'/8 of the poten- 
tial variability is lost in one generation. 

This means that in a breed where scs’cral hundred males are 
used in every generation, there is really no purification worth 
talking about. It is not probable tliat in tlie breeds in which 
great numbers of animals are bred in every generation, selection 
can h.avc done very much to change the breed. Tire obrious 
cliangcs we meet in such breeds are really due to the fact that 
what we consider ns one breed really comasts ofsevend rcladvcly 
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unrelated families of different quality. In such circumstan^ 
one family in which the animats are better adapted to special 
conditions mil gradually supplant all the other families, gener- 
ally by a system of “grading”. It would therefore be almost a 
hopeless task to improve a numerous breed of animals by mass 
selection. 

^Vhen, however, we utilize the system of having a central 
nucleus to produce males for the whole breed, everything 
changes; for in such a nucleus we can reduce the number of 
males, and in doing this we make the proportion of the remain- 
ing variability considerably smaller. 

When M, the number of males in the group, becomes small, 
i/8M becomes relatively larger. The ideal in the nucleus herd 
must be to use as few males as possible. This is important in t^vo 
different ways. The fewer males we use in the nuclem herd, the 
stricter can be our selection, and the greater slice of impurity is 
done away with per generation (see Fig. 22). 

Let us suppose we could draw up a strict set of regulations to 
control the breeding of some breed of animals in a country. The 
best way to do this would be to establish a nucleus group that 
would be so bred that in this group the quality would rapidly 
improve and the impurities would rapidly diminish. The next 
step would be to make it obligatory to use only males produced 
from the nucleus group in the propagation of the breed. 

The best way to discuss such regulations is to use an actual 
example. The breeding of swine in Holland and Germany is 
effectively regulated by the Gkivemmcnt, and every piglet bom 
b tattooed and numbered. 

In the tint place we must know how large our nucleus herd 
must be. Let us take actual figures from Holland. In Holland 
tl^re are 150,000 breeding sows and 5,000 breeding boars. 
Tim means that every boar produces on the average 30 litters 
twice a year, or 60 litters yearly. 

How many sow and boars should we have in our nucleus to 
give us the required 5,000 boars annually? 

\Ve saw that the average boar produces 60 litters a year. 

c^txonally good boars, however, are much more intcnsivdy 
exploited, and it is not cxccsavc to make a good boar produce 
200 htters per year. 

If we take the average litter to be 8, this would give us 1,600 
piglets per boar, 800 of which would be males. Let us suppose 
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that we would only take 500 sons per boar, this would mean 
that we would want 10 boars in the nucleus, and 1,000 sows 
(2 litters each). Those 10 boars would be used on the average 
for three seasons each, so that it would be sufficient to add three 
or four boars to the nucleus every year. 

These four boars must be proven sires, they must be proven 
before they are added to the nucleus. This means testing a 
number of boars to find four every year that are wholly reliable 
as breeders. At present a number of boars are found to produce 
aberrant young, they must be heterozygous for important genes, 
in other terms they carry “recessive lethals”. It is obvious that 
no letlials are shorvn to be present in the genotype of a boar 
uiJess he is mated with heterozygous sows. For ^s reason it 
would be perfectly feasible to “test-mate” a boar tvith proven 
homozygous sows! To obviate this, we can test-mate our boars 
with virgin sows. 

It is obvious tliat we want a good sample of every boar’s off- 
spring. Let us say tliat we test five entire litters, out of five young 
sotvs, approximately forty young piglets. In the fint place we 
should look for lethals. Every time we find a piglet with atresia 
ani, or hernia, or any of the other recessive characters found 
in the breed, we can stop our testing and reject the father for 
our special purpose. When, however, forty perfectly grotving 
piglets are bom, we must test them for growing capacity and 
economic food consumption. In Holland and Germany numer- 
ous official tesdng stations have been built according to the 
Danish example. In Holland we have several of these stations, 
large enough to test 2,000 pigs a year. If we would utilize this 
apparatus, we could test 50 boars known to carry no lethals. 

It is obvious tliat we can have no absolute guarantee that out 
of this number of boars tested (including the boars rejected for 
lethals this would mean testing about 150-200 boars) four would 
be really homozygous for every gene wc svant our pigs to have. 
Even if one or two of those boars w'crc still heterozygous for a 
few genes, they would surely be homozygous for a verj- great 
number of the really valuable genes. If wc restricted our selec- 
tion of sires in the nucleus to such males only, this would mean 
that our nucleus would rapidly become more and more valu- 
able, and the proportion of undesirable boars produced in die 
nucleus would become smaller and smaller from year to year. 

This nucleus must be registered in a spcdal herd-book made 
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for the purpose. The animak of the nucleus would be in the 
hands of a number of pedigree breeders, and those breeders 
would he continually on the look-out for valuable, promising 
sons to test in order to have them accepted into the central 
nucleus herd. 

It is obvious that the few owners of the ten “grandfathers” 
would have a monopoly of the production of service boars for 
the whole country, and for this reason it will be well worth 
while for the breeders to strive to find a few boars that are good 
enough to continue the nucleus. 

If we make the regulation that only the sons of a few thor- 
oughly-tested boars can be used for breeding, this does not mean 
that those sons will all be excellent breeders; but we are sure 
that, considered as a group, they must be mueh more valuable 
as breeders than the average boars that are used to-day. In 
the chapter on test-mating I calculated that the proportion of 
heterozygotes for any gene in a group is halved, when in one 
generation only homozygotes for that gene are used in one sex. 

By concentrating the selection in a breed on a relatively small 
nucleus, the whole breed benefits from the purification of this 
nucleus. When we ensure that only sons of a few spedally-tested 
sires are used for breeding, in two generations all the females in 
the breed have such a tested male as grandfatlier. 

In fact, by establishing a small nucleus of very homozygous 


Fia. sa.^-Ffopagatlon in a population of pJgj of one breed, under the JVue/mx 
Setums of selection. The butchering pigs of any gMcration are produced from the 
farmer’s boars and sows of the prec^og generation. 

The farmer’* boars and tows in every generation are the progeny of the stud- 
boolc sows (marked N) of the nucleus, mated to a very few n^hly-sclectcd boars 
(marked N). 

Those few grandfathers constituting the nucletu in any generation are selected 
by means of rigid progeny tests from among the male progeny of the N-groups. 
Only sons of tested boars o( the nucleus group are allowed to breed at all. 

Every pig in the breed u the grandchild of a boar in the nucleus. The selection 
of the nucleus males is based upon progeny'tests desired to find the few out* 
standing prt^tent sira, free from Icthals. The group of farmer’s boars is carefully 
watched to find the few prepotent boars necessary to keep this nucleus up to the 
required number. To this end the apparatus of testing stations is fully UKd, to 
test real random samples of pigs from first Utters of young tows, sired by promising 
farmer’s boars. 

All males produced by the farmer’s boars and even by the highly prejwteot 
nucleus sire* before they ha« been ofiidally recognlted as such, are always 
castrated. The studbook is absolutely dosed to tlve entrat^ of any onitt^ not 
bom from the boars of the nucleus group, in order to diminish the impurity and 
hetcro i ygosity In the breed. The risk* due to in^brceding are dlminat^ by 
admitting to the nucleus only such boars u produce no seccnd-raie ofTipring of 
any kind. 
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males, we are “grading up“ the breed to the level of these 
animals. 

In different animals the nucleus scheme must be adapted to 
the peculiarities of the material. From our example e saw that 
in swine it is possible to have so many sons of proven sires that 
the annual production of approximately 2,000,000 pigs is sired 
only by such boars. 

In poultry the large breeders have so many animals that they 
need not co-operate with other breeders in a nucleus scheme; 
each breeder can do the ^vorl£ for himself with his own birds. It 
has been found in practice that in poultry and ducks a nucleus 
of only one male in every generation is sufficiently large to pro- 
duce all the males required on the farm. In other chapters I 
have described my system in detail. By comparing the progeny 
of a number of males, each group bom at the same date, sve 
find the male tvhose progeny scores highest in everything con- 
tributing to profit— number of eggs, weight of eggs, food con- 
sumption, mortahty, etc. Only males fn>m tbig one father are 
used on the farm, and among those young males one is chosen 
to be his father* s successor, using the same system of choice. This 
system has proved a complete success tvith ducks as ts’cll as tvith 
poultry. 

In the breeding of cattle, the herd-book officials in many 
countries have understood that it would be important to have 
a nucleus of the very best stock in the hands of the pedigree 
breeders, from which nucleus bulls would be furnished to the 
users. 


The idea is sound, but the organization of the system is far 
from perfect. A geneticist, with a sufficient insight in animal 
breeffing ^ easily pomt out the faults in the system and the 
^ perfected. In general w e can say that the 

. t t ? system he in wrong standards ofperfection and 

in lack of concentration in matters of selection. 

In other chapters I have treated of the standards ofperfection 
PomtM out the necessity of putting economic value far 

^ countries the selection in cattle is scattered 
redTirtinn ^ front. The thing we need is purification, 

conpj-ntn.r the best way to obtain this goal is to 

eirrv sir ® Comparatively small nucleus in 

^ • c ha\ c seen that in Holland we have a system of 
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“preferent” bulls. Such bulls are selected by a committee, who 
examine the way the bull has bred. At present far too much 
attention is given to the show points of the bull’s daughters and 
not enough to profitable production; and no attempt is made 
to provide that the descendants examined shall constitute a true 
random sample of the bull’s progeny. 

The first step to be taken consists in improving this system 
of finding excellent bulls. As a matter of routine we will have to 
test the value of a great number of daughters, and the best way 
to do this is to examine a certain number, say fifteen daughters 
bom from heifers, to obviate selection of dams. One of the 
easiest ways to make these daughters a random sample is to 
take the first fifteen daughters bom from heifers. A system of 
compulsory milk-testing of all cows, such as Germany has, 
would facilitate matters, but it would not be necessary. 

The first work can be done in the herd-book office, on paper 
records only. This narrows down tire selection to relatively few 
bulls. In the regulations some method must be fixed to make it 
impossiblefor aberrant calves to disappear. In a black-and-white 
breed, the birth of a red-and-white calf should debar its father 
from further competition, and the same must be tme of all 
lethals. 

It is important to know how many bulls we really need in 
every generation in every breed. This directly depends upon the 
number of sons we can breed from one sire. The more young 
bulls we can produce from one proven pTeferent bull, the fewer 
of those “grandfathers” we need, and the stricter we can make 
our selection. 

Several things must be taken into consideration. It takes about 
three years to prove a bull, and we can cstiraatc the useful life 
of a proven “grandfather” to be about four years. This means 
that every year we only have to find one-fourth of the total 
number of proven bulls required. 

It is not exceptional even now for a popular show hull to 
produce 200 calves a year, or 100 sons. In a country like Hol- 
land where 6,000 bulls are in use, we would need 600 “grand- 
fatlicrs” if these were mated normally. If we were to male use 
of artificial insemination, so that every service fertilized about 
five cows, we only need 120 bulls, and this means Uiat we svould 
only need to prove 30 liomozygous excellent fathers every year. 
Tliis is surely not excessive. With this number it ssould be 
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possible to prohibit the breeding from bulls that were not sired 
by the approved bulls of the breed. 

As in swine, concentration of the selection upon a relatively 
nucleus would result in a relatively rapid purifi^tion of 
this nucleus. We would establish an cxc^ent breed wthin the 
breed, and the general breeding of cattle would become a sort 
of grading-up process of the whole cattle population by means 
of the feiv bulk in the pure nucleus. 

It is e\ddent that such a system would fit well into the work 
of the herd-books. The production of the general run of bulk 
would be in the hands of relatively few herd-book members, 
producing bulk would become a monopoly, and for this reason 
very profitable. It stands to reason that a Government that goes 
so far as to prohibit the use of bulk other than those bred from 
the few tested grandfathers has the duty of supervising 
testing of those grandfathers. This can be done in co-operation 
with the herd-books. 

When we leave the breeden to propose bulk for the progeny- 
tests, they can be relied upon to sec that these arc typi(^ repre- 
sentatives of the breed. For the rest, it is obviously necessary to 
divorce the nucleus-system of brec^g Com show'-point selec- 
tion, as far as cconomically-uscful animak arc concerned. It 
should be repeated here, however, that the pmification which 
results from taldng a relatively small nucleus as the centre of 
every breed, from which breeding stock radiates out to the 
periphery, will automatically also result in fixing a visible *‘type 
in the breed. 

I know that some people arc aCtaid of my nucleus scheme 
because of the in-brceding they think it involves. Most people 
have no clear conception of the reason why in-brecding causes 
the appearance of aberrant individuak. ^Vhen once we realize 
that heterozygosis causes in-brccding troubles, it k clear that in 
the testing of males for unsuspected heterozygoris, we have a 
guarantee ag^t such trouble. The breeders are free to intro- 
duce as many unrelated females in the herds, which have to 
pr^ucc the commercial males, as they tTitnV fit. 

In sheep as in poultry, the larger breeders own a sufficient 
number of animak to take the selection into thdr mvn hands 
and to cstablkh small nucld of their own without any co-opera- 
onwth fellow breeders. By comparing flocks of young stock, 
each bred from a separate male, breeders can find one or two 
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superior males in every generation to serve as a nucleus for the 
production of males in their general flocks. 

In every species of polygamous domestic animals, this system 
of breeding by means of nuclei consists of a selection in the male 
line only. As a basis of selection the quality of the progeny of a 
number of males is compared, and where the females are the 
really productive animals in the breed, as in poultry and dairy 
cattle, the selection is in the main based upon the quality of the 
female progeny. While this is true, however, no mass selection 
is made between good and less excellent females within the 
groups. Even where the groups of daughters which have been 
compared to furnish a basis of selection of the respective fathers 
are taken as breeding stock to continue the nucleus as in poultry, 
no culling takes place in these groups. 

Throughout the work one of the most important principles 
is the correct sampling of an animal’s progeny. This is the point 
in which the usual systems of finding superlatively good breed- 
ing males have generally been deficient. 

It does not seem to be common knowledge among breeders 
that the existence of very large numbers of animals in one breed 
is a great drawback, when we want to produce purity in regard 
to the most profitable genotype. The old system of encouraging 
the breeding of a great number of selected sires and females, as 
in the selectively-registering herd-books of continental Europe, 
leaves so many males breeding that there is scarcely any reduc- 
tion in variability. The remedy is the establishment of a rela- 
tively small nucleus containing only a few males in every 
generation. Under those conditions a very strict selection is 
possible, so that only such males are used in the nucleus as have 
been shosvn to be homozygous for a great many important 
genes. Whereas in the ordinary course of things, prepotent sires 
arc few and far between, so that their influence is swamped by 
that of sires of mediocre purity, in such nuclei nothing but 
prepotent sires arc used, and they arc used to great advantage. 

The nucleus is kept as a separate “breed within the breed”, 
a group srith a rapidly-diminishing potcnti.al variability, and a 
rapidly-increasing average quality. Its main use is to produce 
enough males for tlte bulk of the breed. 

Even in the nucleus system of utiliring prepotent sires there 
is a relation betsveen progress and tlie total number of animals 
in tile breed as a svliole, simply because tiie number of males 



required in the breed determines the number of males needed 
in any generation. The smaller the number of males needed, the 
fewer "grandfathers”, and this means a stricter selection. 

When we have to choose between continuing separate sections 
ofa mass of related animals as separate breeds, or amalgamating 
them into one whole, we should keep those breeds separate 
wherever possible. 

When Mr. van den Bosch declared as a result of many 
measurements, that all the Dutch black-and-white cattle be- 
longed to one breed, tlus resulted in an amalgamation of many 
different strains, the cattle of the fat polders in the western part 
of Holland, the black-and-white sand-cattle, the cattle of the 
Zeeland islands, etc. We now realize that this has been a mistake 
from the point of ^dew of a breeder interested in purifying the 
cattle of his district. There has been one exception in Holland: 
the province of Friesland has kept its own separate herd-book 
for black-and-white cattle. We must now realize that this separa- 
tion is all to the good. The animals in the t\vo herd-books 
should be kept apart as much as possible, as this will facilitate 
selection and purification. In Holland there are just now five 
breeds, two groups of black-and-white, one group of white- 
headed Groningen, one group of red-and-white, and a smallish 
group of belted cattle of excellent quality. It would be to the 
ultimate advantage of the farmers in that country, if the number 
of separate groups could be increased, cither by the importation 
of additional breeds, or by the splitting up of existing herd-books 
into component parts. 

Even in the largest groups, the cstablisliing of a central 
nucleus in which prepotent sires are used to advantage is a 
method that will make progress towards purity possible, ^vhe^e 
progress without this system is almost impossible. 
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Essentially y the }{udeus Scheme is one ^slem of in-breedings carrying with 
it all the advantages and disadvantages any such ^sUm must necessarily in- 
volve^ Hagedoom favoured in-breeding, believing as he did, thatfollowing upon 
a somewhat difficult period during which undesirable recessives were being 
discarded, breed purification and uniformity would finally result. He laid 
great stress upon the desirability of uniformity and has been criticized by other 
geneticists for doing so. Thus, in a review of the fifth edition of this book, it 
was stated: 

its preoccupation with purity as a panacea the book is perhaps most out 
of touch with recent genetic thought*' {G. Wiener in v.sy, no. 958.) 

Is it, however {and that might well prove more important), equally out of 
touch with future animal husband^ practice? In stating his farmers* ideal 
of what a farm animal should be, Hagedoom wrote: 

he wants cattle or sheep or poultry that react in the same way to the 
same treatment — animals that start producing at the same time and that during 
production can be treated alike** 

This definition of the ideal farm animal for production purposes seems to me 
to be even more applicable to the future than to the present. With the develop- 
ment of ever more intensive, fully mechanized and labour-saving methods of 
animal production, uniformity of stock in performance {although not neces- 
sarily in appearance) becomes a matter of the highest priority. 

To what extent may in-breeding be expected to produce such desirable uni- 
formity? According to one critic of Hagedoom's, to a negligible extent, this 
critic's argument being that in his belief in the efficacy of in-breeding in pro- 
ducing uniformity, Hagedoom fell into a fallacy, the fallacy being **that a 
great deal of the uarioh'on in most charaeters is not genetic" {J, M. Rendel in 
review of fourth ed. m A.B.A., sg, 200s). I am quite certain, however, 
that Hagedoom was fully aware of the imporUmce of variation attributable to 
environment. What he was immediately concerned iviih, however, was the 
reduction in that variability dm to heredity, and in-breeding is, unquestionably, 
the best, if not the only, method of achieving such a reduction. Provided in- 
breeding were sufficiently close and environmental conditions standardized, I 
think it ivould be reasonable to expect the uniformity of reaction which 
Hagedoom sought and to which he attached so much importance. 

Even lacking the assistance of close tn-breeding in producing genetic uni- 
formity, the greater degree of uniformity in certain breeds is already to their 
advantage in competition with outers. It is one reason, and an important one, 
for the expansion of the British Friesian at the expense of the Dairy Shorthorn. 

A good Dairy Shorihom is every bit as good a milker as a good Friesian, 
but there art fewer good milking Dfdry Shorthorns. As Hagedoom empha- 
sized, to the commercial farmer as distinct from the stud-breeder, uniformity 
of production is of much more imporianee than is oecastonal excellence. In 
fact, there would seem to be a good ease in favour of IlagedoorrCs "pte- 
oempation wMh puritf' . 

As Hagedoom emphasized, because of the polygamous nature of farm 
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ammalsj genetic parity, if desirable, is most readily secured through the 
and the fewer males used, the more quickly genetic purity would be secured. As 
he himself wrote'. . . „ 
“Tifer ideal in the nucleus herd must be to use as few males as possible. 


the reasons being that: 

(a) The fewer the males the stricter the selection, and ^ 

(b) The fewer the males the greater the reduction of variability in each 

succeeding generation. ^ _ , 

Hagedoom wrote the first edition of his “Animal Breeding” injg39,u 
since that time the dramatic developments in A.I. and its techniques have 
raised the naturally polygamous nature of farm animals to the nth power. 
With the possibilities of A.I. as fully exploited as they are mw in the British 
dairy industry, the practicability of securing genetic urdformity, rapidly and 
effectively, has been vastly increased. There is really very little difference 
between HagedoorrCs ^'Kucleus Scheme of Pedigree Breeding" and the scheme 
recently announced by ike English Milk Marketing Board of using no more 
than soo bulls to inseminate all the dairy cows of England and Wales, whets 
pedigree breeders, presumably, will breed the bulls and the best of these bu^ 
after progeny testing will be used to inseminate all the commercial milking 
cows m those countries. The final success of suck a scheme depends upon the 
few males retained for breeding being in fact the best. Obviously the genotypt 
of a sire used to insemiruite many thousands of females should be subjected to 
the most searching exploration, and Hagedoom, perhaps more than some others, 
realized the primaiy necessity of that search. 

Success also depends upon the validity of HagedoorrCs interpretation^ of 
what is often called "the apparent degeneration due to in-breeding", being, 
in fact, merely apparent and due to the easily understood hypothesis of un- 
desirable recessive genes coming together in the homozygote. Is that, or is no^ 
that, all the ^'apparent degeneratiorC* due to in-breeding invoices? I doubt 
whether many modem gerutieisls would care to be entirely dogmatic on that 
subject. 


In discussing the practical implementation of his Nucleus Scheme, Hagt- 
doom made the point that tfUr the establishment of a nucleus group— 

The next step would be to make it obligatory to use only nudes produced 
from the nucle^ group in the propagation of the breed" 

Clearly, without some element of control, no nucleus breeding scheme of this 
nature, no matter where or by whom conducted, could be expected to have any 
veiy rapid or sustained effect upon the livestock of a country. In actual fa^^t 
that control must come to lie, ecenlually, in the hands of those who control 
truemin^ton centres, since it is with them that rests the decision as to which 
nres i^l and which wtU not, stand there, IVhat should the controlling authority 
be, Covem^t, the Breed Societies, the commercial producers? Probably 
f" monivstion npreseniing ike commercial producers, such 
Milk Markelmg Boards, already eslahlished in the dairy industry of this 
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the very fact that the two qualities esteemed are physiologically 
compatible! This means that the genes that wiU help to produce 
excellence in one respect and those that are desirable in the 
other are transmitted qmte independently. This svill make it 
very much more difficult to select for both purposes at the same 
time than it would be to concentrate our efforts upon one of 
them, and leave the rest to chance. As long as the breed is ffighly 
variable, it will ahvays be possible to find occasional individuals 
that happen to combine perfect beauty with perfect production, 
or a high yield of eggs or milk with meat. Further, the fact that 
such individuals do occur keeps encouraging the amateurs of 
that breed in their belief that they arc a long way towards pro- 
ducing a “fixed breed” that will breed pure for all the desirable 


qualities. 

The perfect way to increase our chance of producing the 
ideal indmdual for advertising purposes is cross-breeding, 
mostly ■within the breed. It is generally called “combining the 
most valuable bloodlines”, or “corrective mating”. The method 
is highly successful and can be recommended to breeders ^vho 
want to make a reputation as breeders of outstanding animals 
at the shows and sales. From the standpoint of economic agricul- 
ture, however, it is deplorable — there is no question about that 
It would certainly be possible in many instances to combine a 
number of valuable qualities in one family group, in one breed, 
if a determined breeder or group of breeders would take the 
trouble and could afford the expense entailed, to breed a 
largish, self-contained herd wth the aid of the very best 
methods. In practice, the efforts of well-meaning breeders are 
wasted because they arc not concentrated, so that all the work 
done really amounts to shiUy-shaUying back and forth between 
some more nulk and some more beef, between some more eggs 
f«L shape of comb or better eye colour to please the 

handling” inspectors. 

Adaptation of our domestic animals to different levels of agri- 
mlturc, and to changing aims, cannot be economicaUy attained 
By any metht^ of keeping one breed variable. I concede that in 
a very vanable breed like the Shorthorn it is quite possible for a 
lamer who enjoys marketing, to build up a profitable herd of 
^"5 n sustained policy of buying in likcly-IootoS 

off again when they are disappointing* 
The same possibibty more or less appbes to some breeds of 



Adaptability of Breeds 253 

utility poultry and certainly to sheep. Tliis, however, is after all 
a wasteful process. It means that in several respects the breed is 
not only variable, but definitely unreliable. The average quality 
IS apt to be too low, and in many respects every important 
quality ^viU vary so that ^ve have a few excellent beasts, a great 
majority of mediocre value and some obvious culls. One indi- 
vidual horse buyer may pick out a few excellent head of horses 
from a very variable lot, but in any animal that has to be used 
in a group it gives a lot of unnecessary bother to fit the diet and 
treatment to each individual ewe or cow. It is much preferable 
if we can be reasonably sure that every animal bom in the herd 
will respond ■well to one universal mode of treatment that gives 
us the optimum profit from the group. 

One disadvantage of a very pure group is that if conditions 
change, the breed may not fit those conditions. At first sight it 
seems obvious that in this respect a variable lot wll include a 
few animals that ^vill happen to fit the new conditions, so that 
the breed may be changed to fit those new requirements. If we 
gamine this position, however, both from a scientific angle and 
from actual examples, we shall see that this is a hopelessly diffi- 
cult and slow business! Even if we find a few animals that may 
fit into oiu* new conditions, we cannot in the least rely upon the 
way they ^vill behave as breeding-stock. In other ^vords, %vhen 
We need a group of animals for a special set of conditions, or in 
a certain system of agriculture, we want to be certain to obtain 
them ^vithout too much delay. 

^ This is where it is an advantage to have a great number of 
different pure breeds. Most of our breeds of cattle, ponies and 
sheep were local breeds originally, adapted by a long-continued 
process of conscious and natural selection to the conditions of 
agriculture that obtain in the region where they are kept. As 
explained elsewhere (p. 107) this adaptation may make some 
breeds of dwarfs live in adverse conditions where none of the 
bigger breeds could survive — on very rich farms ^vc can keep 
some breeds of cattle or horses wth profit, whereas those same 
breeds would be unprofitable when we would try farming with 
tlicm on some hill farms. 'Where the waters arc exceptionally 
^verc we may get our profit easier from spcdally adapted 
breeds, and wholly different breeds of cattle or sheep arc re- 
quired in semi-tropical rc^ons wth too much sunlight. 

In crop production, careful experimentation to find the right 
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varieties for special soils and in certain combinations and rota- 
tions gives our farmers very reliable data, and of course Aosc 
varieties breed very tnie, even when there arc only minute 
differences beUveen them. 

In the breeding of our farm animals we kno^v too little 
the quality and the adaptability of the various breeds. We still 
often hear that it does not matter ^vhich breed or which hybnd 
one starts with, they arc all variable, they all contain cxMllcnt 
individuals, it is a matter of strain and not of breed. This is a 
gross exaggeration, and all we can say is that it is very ^vastcful 
of material and energy to leave llic clioicc of our animal breeds 
to a slow method of trial and error, and to the influence of 
propaganda by the pedigree breeders and their organizations. 

When wc look around us, we sec ho^v quickly one breed can 
be changed into another, when wc find this second breed is 
better adapted, by a process of grading (continued back-cross- 
ing). Some pedigree Friesian or Guernsey herds were 
Shorthorn herds five cow generations ago, both in Britain and 
overseas. Even for this wc need reliable, purc-breeding bulb. 
The same is true for all those instances in which first-generation 
stores (cattle or sheep), first-generation hybrid poultry or cross- 
bred svnne are continually produced because they have been 
proved to be very profitable. For this wc do not want ^'a^able 
^ plastic” breeds, but on the contrary wc ^vant very pure breed- 
ing-stock that can be relied upon, so that the males available for 
our purpose will produce just the kind of young stock wc need. 

The obvious method is the one that is so svell kno^v-n in 
the breeding of plants— in-bred, pure-bred highly-homoz>'gous 
^oups m every breed that can be looked upon as nuclei of 
highly-bred^ homozygous stock. The concentration of quality 
and punty m rclarively small, intensely-selected nucleus herds 
or flocks 13 very much more economical than the scattering of 
e ort over a great number of pedigree herds in the hands of 
nundreib of owners who may be continually selling out or (what 
K worse) buying in breeding-stock they know very Uttle about, 
rinn T? improved methods ofheightenmg the propor- 

few astonishing to sec how voy 

rnTd^r i "“ded to conLne each bmed. 

It t O, vf be used for utiUty crosses. 

cattle tm ^ P^^jble diat in such animals as sheep, sivinc and 
many breeds exist in the sense that two or more of 
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them are simply differently coloured duplicates, or at least that 
often several breeds are adapted to absolutely the same sort of 
environment and agricultural conditions (although in our pre- 
sent absence of good objective breed comparisons it is not easy 
to decide this). This, however, is certain — we need a good many 
and we want at least one excellent and pure nucleus herd in 
every breed, if we want to attain a state of things where fanners 
will have herds rather than collections of beasts. 


NOTES 

* AJUr a discussion of the advantages and disadvantages of dual-purpose 
versus Angle-purpose breeds of livestock, Hagedoom comes down very strongly 
on the Ade of Angle-purpose breeds speAally bred and managed for the most 
eJfiAent yield of one particular product, be that product milk or beef, mutton or 
wool, eggs or table chicken, but in no case both. Is that preference merely one 
other example of Hagedoom' s pasAon for purity or is it more senAbly based on 
factors of genuine economic importance? I think it is the latter, for Hagedoom 
WTOter 

. . in any animal that has to be used in a group it gives a lot of wnwfM- 
saiy bother to Jit the diet and treatment to each individual ewe or cow. It is 
much preferable if we can be reasonably sure that every animal bom in the 
herd will respond well to one universal mode of treatment that gives us the 
optimum profit from the group?* 

That statement is entirely true and is likely to become of progresAvely 
greater importance the more labour-saving and mechanical techniques extend 
into the practice of animal husbandry. 

One theoretical disadvantage of complete uniformity or homozygoAty in any 
breed is that while marketing conditions might change, the breed couldn*t. 
Hagedoom recognized that difficulty. His solution, however, that it is **an 
advantage to have a great number of different pure breeds** so that to every 
new need some breed would he found to fit is not one likely to meet with general 
acceptance. Who, except for pure fancy, would maintain a breed on the ojf- 
chance that its particular productive qualities would fit in with some future 
and unforeseen market? 
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Government Activity 


TT here arc two wholly different reasons for the 
Government of a country to want to have an influence on 
animal breeding and animal production. In the first place the 
Government may help the farmers to get more profitable 
aiumal stocks, and for this reason it may help those breeders 
who work towards such a goal. 

In a few instances, however, the Government of a country 
may want to influence animal breeding, not so much in order 
to help the breeders or the users of the stock, but to regulate the 
supply of animals of certzun kinds, or the supply of their 
products. 


The most obvious ease was that of the breeding of army horses. 
In some countries the sort of horse needed for cavalry remounts 
was bred in sufficient quantities. This was especially true in 
countries where fox-hunting survived. In many countries, how- 
ever, farmers tended to breed both heavy draught horses fbr the 
cavy work of the farm, and quick, active ponies for light trans- 
portation, but not the sort of horse the cavalry wanted. From the 
Stan point of the army the ideal was to have a constant supply of 
such hones, enough of them to select the relatively few riding- 
ones needed. ^ a matter of fact, from the farmer’s standpoint, 
nurn er of horses needed for this purpose did not make it 
economically justifiable to breed such hones at all. In practice, 
found that the expenditure of a very little 
‘o owners of the right type of stalHons 
breedfS”?^ required type of horse upon the horsc- 

aritliTnct' ”^05^ countries are poor economists, and 

thmeue is not their strong point. A very cfTcctivc trick was 

tea ’ 
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that of providing for compulsory licences for stud-stallions, 
especially if the Government could appoint the judges. 

On paper, a licensing system for stallions and even bulls reads 
very well, but in practice I have not yet met an instance where 
it could be said to work out satisfactorily, or in the interest of 
agriculture. The reason seems to be that the judging of stallions 
or bulls is done on lines that were deemed wholly admirable 
around i8go, but which we now recognize as wholly inefficient 
and often wong. 

While it must be said that it was the good right of the army 
authorities to provide for a continuous supply of the right sort 
of horses svith as little expenditure as possible, we must recog- 
nize that such a system of small subsidies, destined to foist an 
unprofitable kind of horse upon agriculture, was not in the 
interest of the farmers. 

Several instances are on record where the Government of a 
country has decreed measures intended to ward off some crisis 
in the proportion of supply and demand. The Governments of 
Germany and Holland have done quite a lot along those lines. 
The result has very often been lamentably bad compared tvith 
the excellent intention. One example is the regulation of the 
numbers of milk catde and of poultry and swine in Holland. 
An elaborate system of licences was instituted in Holland re- 
stricting the number of calves that the farmers are allowed to 
rmse. The object was a restriction of milk production, to protect 
the price of milk and milk products. The result in this one 
instance has been that the farmers, the majority of whom have 
pasture exclusively, so that they must have a certain number of 
cows if they are to farm without loss, have kept their cows to a 
higher average age, instead of substituting heifers for aged cows, 
and the result has been a marked increase of milk production, as 
could have been predicted. The regulations goverm’ng the 
breeding and selection of poultry, and the breeding of swinehave 
given rise to a top-heavy bureaucracy, and an unbelievable 
amount of red tapel One thing stands out dearly from the ex- 
perience in Germany and Holland svith Government regulation 
of animal breeding and production, namely, that on the whole 
it is undesirable from the standpoint of agriculture. The chief 
beneficiaries of sudi a sj'stcm are tlic army of sm.!!! inspectors. 
On the whole it is preiferable tliat tlic breeders and farmers 
tliemselvcs co-operate to regulate their industry. 
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There arc many difTcrent ^vays in which the Government may 
help the farmers to get more profitable stock, and to get the 
utmost profit out of the animals used. Roughly, we may divide 
this activity into difTcrent categories. In tlic first place, in difTer- 
ent phases of animal breeding experimentation is necessary, and 
the State may take the risks and cost of this experimentation 
rather than let tliem fall on those breeders >vho arc most ener- 
getic. Secondly, the Government may employ well-trained 
public servants, able to give help and co-operation where 
necessary. Thirdly, the State may provide instruction for 
farmers and future farm advisers. Finally, the State may directly 
regulate and supervise certain activities of the breeders, the 
work of herd-books, bull-testing, licensing of studs, etc. 

According to my way of thinking experimentation comes 
first. It is not logical that individual farmers and breeders should 
bear the cost and take the risks of experimentation. It has re- 
peatedly been found th.it breeds developed in foreign countries 
are better than those in a given country, and it is often worth 
while to import a number of animals of a foreign breed in order 
to lest them out fully. Cross-breeding experiments, designed to 
find profitable combinations of breeds for making first-genera- 
tion hybrids, cost money. In many instances there exist precon- 
ceived nofions about correlations between real value and ex- 
ternal characters that ought to be tried out experimentally. 
Nobody is likely to profit inuncdiatcly from the result of such 
experiments, and for this reason no single breeder will under- 
take them. Systems ofsclcction must be tried out experimentally 
on a sufficiently extensive scale, but again, such ^vo^k should not 
c loaded on the shoulders of pri\mte individuals. Every coimtry 
should have a well-subsidized Institute of Applied Genetics, or 
Institute for Animal Breeding, where experimental 
work having a direct bearing upon practical animal breeding 
can be undertaken by trained gcnetical investigators, who have 
a thorough working knowledge of practical animal breeding on 


Such an msutute would provide an eucceUent background for 
j’ *•''= officers between the 

that '>r“ders and the sdenre of genetics. It is not enough 
in trained; they should keep 

ahIrtnworV u ^Srtculture and with science, and should be 
out their problems experimentally. My own expert- 
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ence ivith men of this type in several countries is that, without 
this background, and without facilities for experimental work, 
they soon crystallize, substituting fixed opinions for knowledge 
or for the healthy doubt that is engendered by doing experi- 
mental work; they become set in their ways, stop reading 
and studying and so may become a real menace to progress. 
Having had considerable personal practical experience of advis- 
ing breeders and of co-operating with them in their problems, I 
know that in a great many instances experimentation under 
suitable guidance is indicated, and positive definite advice is 
impossible to give. 

The teaching of genetics and animal breeding is of extreme 
importance. The enormous progress in animal breeding in 
America compared with the comparative stagnation in Western 
Europe is closely paralleled by the way genetics, and especially 
applied genetics, is taught at the Universities. From personal 
experience in teaching genetics and applied genetics I have 
learned among other things that to teach genetics one should 
be engaged in helping to build the science. To teach applied 
genetics one should have considerable personal practical experi- 
ence in producing new kinds of plants and new breeds of 
animals; to teach animal breeding Irom textbooks and from a 
fund of set opinions gathered from other people’s books is worse 
tlian rvrong. Students should be encouraged to devise and per- 
form experiments of their own, they should do some selection 
work themselves, and they should be encouraged to read and 
discuss even those novel viervpoints that seem heresies to the 
teachers. Some seats of learning where animal breeding is 
taught arc hotbeds of conservatism, where tlic men responsible 
for the teaching seem to believe that tlie old ideas arc good 
enough for them and will last their time anyhow. 

In my own experience (gathered in very many countries) it 
has often happened that to get the farmers to adopt logical, 
rational methods of selecting economically important animals 
one has had to go over the heads of the ofiidal authorities who 
are opposed to anything contrary to what they have been led to 
believe to be eternal truth. The fault lies mainly in lack of facili- 
ties for experiment. The farmers are in touch witli reality, and 
baseless but plausible sounding theories have small hold upon 
them — they arc willing to try everything once. Some of the older 
official autlroritlcs, however, who have never had occasion to do 
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much experimentation, and who have therefore fallen into a rut 
and have accepted the opinions generally held in the days of 
their youth, arc thoroughly shaken up and disagreeably sur- 
prised whenever new facts disprove their pet theories. Men of 
tlus type can do a very great deal of harm when the training of 
the new generation of farm advisers is put into their hands. 

Lastly, I spoke of the direct regulation and supervision of 
animal breeding. The Government can assist or finance the 
herd-books, and it can see to tlic licensing of bulls and other 
sires, etc. The more I see of direct interference •Nvith animal 
breeding by Governments the less I like it When a system of 
Government control in matters of animal breeding is started 
along the lines thoroughly approved by the present generation 
of breeders, it may work excellently for a time. In Canada the 
registration of animals and the keeping of herd-books arc exclu- 
sively in the hands of the Government I have seen tliis scheme 
in operation and I must say I admire it: and yet I think in the 
'long run such work should not be in the hands of public servants 
who are neither breeders nor geneticists. Such men as a body 
must by the nature of their training and of their calling be con- 
servative, and impervious to what newer facts and new experi- 
ments teach us. 


I would except regbtration. The idea of giving animal regis- 
tration into the hands of unbiased and impartial men is excel- 
lent, so long as this registration docs not entail selection. I have 
^eatedly advocated obligatory milk-testing of all cow’s in 
Holland, instead of the 40 per cent, in some counties. The com- 
p ation of data by disinterested men should be thorough, but 
me sdection based upon these data should always be left to the 
briers, to me tisers of the animals. 

The question whemcr our present usual sort of herd-books, 
wei^n economically useful breeds, can be considered to be of 
en t to agriculture is a debatable one. I for one do not think 
benefit, and I think they ought not to be sub- 
aoizeu by me Government. The herd-books, especially those 
registration, arc established for me benefit of 

tVian more money for breeding Stock with, 

thM for ammal3 without, official papL. 

noin^*^ r u* u u select animals for wholly irrelevant 

Most nothing to do wim real economic value. 

ks nowadays arc taking economic value into 
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account mostly in a half-hearted way, and secondary to beauty. 
Inis IS doubtless as it should be in a corporation of men who 
earn their money as breeders by the sale of breeding stock, 
from a standpoint of public utility, however, the aim of animal 
breeding is not the sale of breeding stock, but the production of 
profitable animals for agriculture, animals of the right quality 
to make them fit in a balanced production-scheme. 

For the Government to countenance the work of the herd- 
books by subsidies is \vrong for several reasons. The sooner the 
pubhc recogmze that the showing of agricultural animals and 
the selection of such animals for show points is only a game that 
should not be taken seriously by breeders who want profitable 
ammals, because it only slows down the really useful work, the 
etter. Ar^thing that helps to keep alive the idea that the judging 
of individual animals has any practical importance for agriculture is 
wrong. 


It has been mentioned earlier that there was a time when in 
America beauty contests for prize ears of maize were held at the 
agncultural shows. A committee of judges solemnly conferred 
the prizes for the ears ivith the ideal shape. Breeders of com now 
remember this tomfoolery as a silly, comparatively harmless 
game. It cannot, however, be said that animal breeders in 
general recognize that the judging offat bulls at the agricultural 
shows is very much like the judging of cars of com, and has just 
as little to do %vith breeding profitable cattle as the show-ear 
game had with the breeding of profitable strains of maize. Sub- 
sidizing the cattle shows is just as bad as subsidizing the corn-car 
contests would be, if either of those two things were held up an 
of value to agriculture. 

The licensing of stallions and bulls by the Government could 
be made into something of the utmost importance to animal 
breeding. As it is now done in Western Europe it is little more 
than a farce. What it amounts to at present is the licensing of 
good-looking “pure-bred” beasts, whose value for breeding is 
almost entirely speculative. In other chapters I have tried to set 
forth how this sort of thing could be done in a way that would 
make it useful. 
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NOTES 

“ The more 1 see of direct interference loith animal breeding by Governments 
the less I like iV.” 

*'As it is now done in Western Europe it is little more than a farced* 

“ The chief benefeianes of such a ^slem are the army of small inspectors.** 

These three short quotations suffice to show what Hagedoom thought of the 
well-meant ejforts of Government Departments to supervize and regulate 
animal breeding in the presumed interests of national agriculture. Personally, 
I subscribe whole-heartedly to eve^thing he tvrote on this subject. There is no 
need for me to say any more. 

On the other hand, while Hagedoom was very much in favour of Animal 
Breeding and Research Orgamzaitons being under Government financial 
control, 1 am very much more sceptical. The conclusions based on research at 
such Jnstiiulions become **ofkiar* conclusions, ^et such conclitsions although 
** official** may be entirely wrong. 
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Artificial Insemination 


In all our domestic animals the male, at every 
copulation, ejects an enormous number of spermatozoa, a 
number greatly in excess of the eggs to be fertilized. The excep- 
tion is that of the honey-bee, every queen-bee being fertilized 
only once during her lifetime, the sperm being kept alive in her 
receptaculum seminis to fertilize the eggs during a number of years. 

Every egg in our animals and birds requires only one sperm 
for its fertilization. The chances of something going wrong be- 
tween copulation and fertilization of the eggs are so considerable 
that, in order to be reasonably sure of fertilization, a great many 
sperms have to be introduced to the spot where the ripe egg is 
descending from the ovary, as can be seen from experiments in 
which the spermatic fluid containing the sperm is greatly 
diluted. It is certain, however, that only a small portion of the 
semen commonly ejected at each copulation is sufficient to 
fertilize the egg or eggs present. 

If, therefore, we can intercept the sperm at, or soon after a 
mating, we are able to use this sperm to impregnate several 
females, and this is the principle upon which artificial insemina- 
tion depends. 

This is not the place to give an extensive treatise of the 
methods and technique employed. Very clear special treatises 
have been published, mostly in Russian, of which some have 
been translated in other languages, including English. In 
general terms, the method employed consists of obtaining the 
sperm from the male, of storing it W'hcn necessary, diluting it 
where required, and finally of introducing it into the matrix or 
the oviduct of the female at the right moment. 

In the larger mammals the sperm is generally obtained by 
263 
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diverting the male’s copulatory organ at the moment of mating, 
and gathering the fluid in a rubber receptacle. In dogs and in 
poultry it is relatively very easy to obtain a quantity otspeOT 
by just pressing slightly on definite points, in cocks and drakes 
near the hip. It is important that no metal shall come in contact 
with the sperm. At low temperatures the sperm can be kept ahvc 
for a long time. Already before the Second War Hammond 
had shipped a ram’s sperm from England to Poland, where a 
few ewes have produced lambs from it. ^ ^ ^ 

There are two objects in employing artificial insemination. 
The first one, which does not further concern us, lies in over- 
coming certain causes of sterility in the larger mammals. Many 
cows that do not “take”, when mated in the ordinary way, arc 
perfectly fertile when the sperm is brought through the vagina 
into the cervix, and the same is true for some marcs. 

The chief reason for using the method, however, and the one 
that concerns us in this book, is the possibility of impregnating 
very many more females with the sperm of one male, than 
would be possible in the usual way. An example is the breeding 
of cheap native ewes in Eastern Europe to very good, but very 
expensive rams of the Karakul breed, in order to produce a 
crop of fur lambs. By using artificial insemination the breeder 
needs only to buy one ram, where t^vcnty %vould hardly be 
sufficient if left to mate wth the herds naturally. In backward 
countries, where it b desired to grade-up enormous numbers of 
cattle into some superior breed, the method is of very great 
importance. (Sec “Breeding Special Groups of Animals”.) 

It is often supposed that in our oivn countries, where breeds 
of cattle, horses, sheep and swine have been selected for a long 
time, the method of artificial insemination b of no great im- 
portance, because there b no dearth of superior male breeding 
stock. Thb argument, however, is not of very great value. 

In countries where the breeding of cattle b furthest advanced, 
in Denmark and in America, it has been shown conclusively 
that bulls and boars that father excellent stock, differ conridcr- 
ably in homozygosity. ^Vhcn, as in England, Holland and Gcr- 
many, the interest centres around the excellent daughters of a 
sire, and because bull-testing b still considered as a novelty, not 
much attention is given to the mediocre and inferior stock 
a male produces; breeders do not fully realize the enormous 
importance of using for brc«Ung only those sires that arc 
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homozygous for most of the important hereditary factors, and 
that for this reason produce offspring of a very high average 
level of quality. 

When progeny-testing of bulls and boars and codes and rams 
has gone on for some time, breeders realize that, even in the so- 
tted highly-bred animals, very few sires produce nothing but 
valuable offspring. Such sires exist, but they are rare; the com- 
mon run of so-called excellent sires produce a good many 
oBspring of inferior quality. 

When by means of good methods of registration and study a 
single one of these thoroughly excellent sires has been dis- 
covered, it is highly desirable that this sire shall be employed 
for breeding as much as possible. 

The utilization of a few really homozygous sires by means of 
artificial insemination has never, as far as I know, been fully 
Aought out. The possibilities in this field are very great 
indeed. 

In the first place, the very few really great sires are at present 
used in comparatively small herds. Sometimes a few females 
from outside the herd are bred to such a sire, but the fees are 
generally very high. Where farmers co-operate in the ownership 
of a bull or a boar, the number of females osvned by the cor- 
poration quickly mounts to a number that necessitates the use 
of at least two sires, often of three. 

It is dear that of three bulls owned by a breeders’ corpora- 
tion one is better than the others, and it would be an obvious 
advantage if, by means of artifidal insemination, this best one 
of the three could do all the work. A further point is that for the 
price of the three bulls one of superior quality could have been 
bought, and this again helps to make the method economically 
sound. 

The technique of sperm-dilution and the keeping of sperm is 
gradually being worked out and improved, so that the number 
of cows that can be fertilized with tlie sperm from one mating is 
gradually being extended. It is obvious that it is only a matter 
of organization to make it possible for the otvner of one excellent 
bull to extend the services of this bull over half a county instead 
of over the owners of twenty cous. The cost of one impregnation 
can be considerably lowered, and yet the amount offccs brought 
in can be greatly augmented. 

It is true that, in order to find one proven bull homozygous 
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for a very great number of economically-important hereditary 

facton, a great number of young bulls must be 
which the large majority produce a mixture of good, bad ana 
indifferent offspring. This, however, does not cond^ tli 
system of proving sires, for under the usual system in bnglana 
and on the Continent the breeding of untested sires is 
exclusively the rule. By spreading the influence of a few highly 
desirable sires, the proportion of ofispring produced by tested 
sires, as compared vdth that produced by untested sires, can be 
greatly improved. , 

Under the present system most bulls used arc wholly untested, 
while a few thoroughly tested excellent bulls are very sparingly 
used; but the influence of the tested bulls is relatively slight, and 
the great majority of animals bom in every breed are the pro- 
duct of untried, possibly very heterozygous sires. 

When we remember that not all females bom arc ncccssa^ 
for the continuauon of the breed, even in cattle where the fertil- 
ity is relatively low, it can be seen that it would not be difficult 
at all to reach a state of things in which the number of fcmaltt 
produced by untried males (or by males that were tried and 
pronounced unreliable) that would be bred from, could be 
made very small in proportion to the number of females from 
proven, excellent sires. 

Too often we hear the argument that the proving of excel- 
lent sires and the multiplication of their influence upon the 
breed by means of artificial insemination would be dangcroiw, 
because of the greater in-breeding such systems would entail. 
The argument shows a deplorable lack of insight into the nature 
of posriblc degeneraUon due to in-breeding. In-breeding, as we 
have discussed in another chapter, ts harmful where the related 
animals mated are heterozygous for the same inherited factors- 
The object of bull-testing and progeny-testing in general, how- 
ever, is the finding of sires homozygous for many important 
genes, and if the work is wdl done the vm)ng sort of sires have 
very little chance of being considered good. 

The fear of the in-breeding that must result from the extensive 
use of proven sires, made posrible by artificial insemination, can 
be understood when ^vc sec how often the most highly-approved 
sires disappoint. I know several instances of b\ills and stallions— 
widely-known and much-advertised champions— that take all 
the important honours at the shows, that are very poor sires 
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from a breeder’s standpoint. Obviously it would be very unwise 
to use such animals in a system of breeding based upon the 
employment of only a very few sires! 

I have repeatedly been asked by breeders who know some 
thoroughly bad bulls with glowing reputationsj what would 
happen if a proven bull that had produced thousands of calves 
should turn out to be “a real bad one”. 

The question answers itself: there is only one system of making 
sure that a boar or a stallion or a bull will be a great success as 
a stock-getter, namely, this system of evaluating him only 
according to the very thing we want him for, the quality of his 
descendants. This system of estimating the value of a sire is not 
only wholly fool-proof, but it is the only fool-proof system. No 
sire should ever be used to any great extent until we know what 
the quality of his descendants is. 

When, as in the twenty years that lie just behind us, a bull or 
a stallion is widely advertised as a stud animal on the basis of 
his individual show points, or on that of his inothcr*s record, 
and serves a great number of females before we know any- 
thing about his real breeding value, disappointments must be 
common. 

Although in thoroughly conservative countries it sometimes 
appears as if the system of breeding animals according to type 
and pedigree is still firmly entrenched, its foundations have been 
thoroughly weakened in different spots. As soon as tlie issue is 
clearly seen to be one between the gentlemen-farmers, who cam 
their money by selling good-looking breeding stock (and there- 
fore have to support system of sho\ving and judging accord- 
ing to sho^v points), and real farmers, users of the animals, who 
must make their money by producing milk economically and by 
selling butter, meat and eggs, tlien the farmers are bound to wn 
and the antiquated system based on false values ^vilI have to 
go to tlie wall. The wdespread interest in bull-proving schemes 
is the thin end of the wedge; as soon as the farmers understand 
that there is a system that bases the recommendation of sires 
upon facts instead of upon speculation, they ■will lose interest in 
beautiful untried bulls and stallions of speculative value, and 
%viU want their animals to be mated %vith sires of which it is 
surely known that all the ofispring arc valuable. 

For this reason progeny-testing and artindal insemination 
must progress hand in hand. Wc toow that many good-looking 
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stud animals arc very disappointing sires, and it is certain that 
only a few sires tried arc superior in every respect, so that we 
may safely say that the fewer sires arc used in every generation, 
the quicker the weeding out of inferior stock wll progress. 

As is explained more fully in other chapters, polygamy can 
be made to help very much in selecting animals and birds. It 
suffices for all the animals of one sex used for breeding to be 
homozygous for any gene to halve the percentage of hetero- 
zygotes for that gene still present in the population. The more 
we reduce the number of breeding animals of one sex, the easier 
will it be to see that they arc all homozygous for the most valu- 
able genes. By utilizing the method of artificial insemination we 
greatly reduce the number of males necessary per group of 
females, in fact, we can say we make the fullest possible use of 
the polygamy of our animals. 

With regard to poultry Miss Hcringa and I have worked out 
a method of mating fowls which is in some respects very similar 
to artificial insemination. When a cock is left to run svith a 


number of females, he mates more often than is necessary for a 
good percentage of fertile eggs. We found that one mating in ten 
days was ample. As a cock in good health generally mates more 
than twenty times a day, this means that we need only to keep 
one cock to about 200 females, provided we ensure that he mates 
With every hen only about once in ten days. To accomplish this, 
we must have recourse to trap-nests. We need an ordinary 
calendar laying-list, on which we mark down the ring numbers 
o e trapped hens. Only, instead of releasing each hen im- 
mediately, we hold her until we look on the Ibt when she has 
een ma^d the last time. We make a special mark on the given 
appropriate space on the list, e.g. ■>vith coloured 
pencil, men we notice the hen has been mated within a week 
release her; if, however, the last mating has 
we give her a mating. 

^ penned separately, and he is trained to tread each 

'‘'Si'’' ’’ in his pen. The hen is not 

noSSe’, „ *' tread. By this means it is 

because some ^ pwcentage of fertile eggs, probably 

Ect awav from to a crowded pen, are able to 

verv raZi ^®^ttcntions of the male, so that they never or 
Cl&lmos n ducts US well as with 

hickens, only it takes more care and time. With both kinds of 



269 


Artificial Insemination 

birds it is an excellent system to employ when we possess a 
proven breeding male of very high quality from which we desire 
to obtain as many oiSspring as possible. 

Artificial insemination of some kind is not only indicated 
where we want to obtain very many offspring from one male, 
but also when for any reason normal mating is difficult to obtain 
or is ineffective.* We have already treated of the use of this 
method to overcome sterility in some instances. Another use of 
the method is seen in cross-breeding animals of different kind 
^vhich mate with difficulty or not at all. Before the First War I 
employed artificial insemination in mating Leghorn male to 
Game bantam hens and vice versa, the unequal size of the 
parent birds making normal mating impossible. Both in 
animals and birds hybridization between species is very diffi- 
cult, but relatively easy by means of artificial insemination. 
Hybrid embryos between chickens and turkeys have been 
obtained in this way in Russia and America. Anyone who has 
ever seen the exasperating and often grotesque difficulti^ 
countered in the breeding of mules will concede that artificial 
insemination of mares with donkey sperm, obtained by mating 
a jack to his own jennets, is a good way around this obstacle! 

In the breeding of those fish whose eggs arc fertilized 
being laid, artificial insemination does not really differ from the 
ordinary process, and for this reason this method has been in use 
in fish hatcheries from immemorial times. 

In the breeding of honey-bees, the one mating of each young 
queen takes place during a nuptial flight, and for this reason it is 
very difficult to obtain controlled matings otherwise , y 
isolating the colonies on islands. Several methods of a^ficia 
insemination have been proposed and tried. Sec under Honey- 
bee. One of the best methods uses a sort of hand-mating s^tem 
in which the drone furnishing the sperm has been killed fi^*^' 

Some animab, like the ferret and tlie rabbit, do not ovuliitc 
spontaneously, so that without copulation no success can c 
expected from the introduction of sperm into tlic cervix ® ^ 

female. In these animals it is necessary to use vascctormzcd 
males to copulate svith the females they arc unable to fertilize, 
in order to prepare them for artificial fertilization. 

• A- I. is quite feasible in birds. 



Chapter Thirty-Six 


Breeding for the Shows 


I n other chapters wc have discussed the influence 
of the shows upon the breeding of animals and birds that are 
mdnly kept for economic purposes. We have seen that even on 
such animals the show-ring has a very great influence and I 
have repeatedly pointed out that this state of things almost 
always counteracts progress in the breeding of economically 
valuable animals. With poultry the breeding of utility stock has 
been freed from the influence of showyard standards, so that the 
selection of good poultry is not shackled by 8ho^v ideals. This has 
not stopped the breeding of poultry for the shows and in all the 
purely utiUty breeds, the breeding of special families of those 
same breeds, purely on lines dictated by beauty and fashion, has 
gone on as before. 

Although as a geneticist I deplore the fact that in the selection 
of good, profitable animals the showyard ideals have made 
things unnecessarily diflicult, I recognize that breeding animals 
for the shows is not only a hobby, but a paying industry for those 
who understand it and who make a success of it. This is cspeci* 
ally true when the animals have some economic value. There is 
certainly more money in breeding draught-horses or sheep or 
pigs for the shows than there is in raising those animals for the 
ordinary market. 

Breeding animals for the shows is a very peculiar business, 
because of the fact that it is wholly competitive. Whereas the 
breeder of utility sheep or utility pigs produces something that 
has a^ certain market value, which is not changed very much 
even if ten of his neighbours start in with him to raise the same 
sort of sheep or hogs, breeding animals for the shows can only 
pay the man who succeeds in producing such stock as is pro- 
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nounced by the judges of the moment to be the most beautiful 
and the most fashionable. 

This is one of the reasons why breeding show animals is very 
much more difficult than bree(fing excellent animals for use. If 
a man succeeds in purifying a strain of Campbell ducks until 
they lay so many eggs for a given amount of food that they are 
very profitable to keep, his customers will soon recognize the 
qu^ty of his birds, and his business will prosper accordingly. 
This is especially true in such countries as Holland where show- 
room standards have been thrown overboard completely in this 
particular breed of utility ducks. 

A breeder of the same sort of ducks in England is up against 
the fact that here the divorce between utility standards and 
show-room standards is not yet complete, so tliat in his selec- 
tion he has to reject a certain number of his very best birds 
because they show too much or too little white, or have the 
wrong shade of bill, but even he is mostly concerned tvith real 
economic value, and therefore with an unchanging standard of 
quality. 

The show breeder of Khaki Campbell ducks, however, must 
not only produce ducks that conform to a very rigid standard of 
beauty, but even his most beautiful birds are not worth anything 
unless they arc just a little more beautiful than his competitor’s 
birds at the shorvs. Also, this standard of beauty is not fixed for 
him; it slowly changes, so that he has to revise his own standards 
according to which he selects his breeding birds. 

Anotlier reason why breeding for the shows is so much more 
difficult tlian breeding for the market lies in tlie fact that difier- 
ent judges have different ideals of beauty. The breeder of utility 
animals has to produce the sort of stock that under optimum 
environmental conditions pays best to raise. In order to win at a 
show, however, the breeder must first produce his beast; next he 
must fatten it up, or trim or train it until its condition accords 
witli the fancy of the moment; and, tliirdly, he has to send it to 
tlic show where he knosvs the judge favours this particular kind 
of animal. 'Whereas tlie iitiiiw breeder is chiefly concerned in 
producing animals or birds witli the correct set of inherited 
factors, tire show breeder must study the effect of environmental 
factors in tlie dcs'clopmcnt of his animals, and he must be con- 
stantly on llic look-out for tlic way the fancj' dcv'clops, svhich 
aniimils uin under certain judges, wliich animals under others. 
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The effect of cn\^nmental developmental factors on the 
quality of a show animal is very much more important in some 
classes of animals than in olhera. In su^ birds as pigeons and 
chickens correct genotype and tlic choice of the correct judge 
arc the main things, and very little can be done to improve the 
appearance of the birds for show purposes. 

In certain breeds of dogs, show preparadon is much more 
important; the fasluonablc %vinncrs in some breeds owe their 
success almost as much to the art of the trimmer, who m^cls 
them according to the latest taste, as to the art of the breeder, 
and almost the same can be said for some breeds of sheep. 

The ultimate importance of environmental factors, however, 
is seen in the shovdng of bulls. Unless a young bull, intended for 
the show, is fed in a certain definite way from an early age, he 
will never be worth much at the shows. A good cattle breeder 
who understands the showng of bulls can safely let tlircc or four 
farmer breeders take the pick of his bull calves, and still be 
reasonably sure that those bull calves will never become serious 
competitors of the one or two he has left over, when he decides 
to make show bulls of them. 

Anyone who intends to take up the breeding of show animals 
or show birds as a hobby or as a means of earning money must 
first understand the peculiar nature of the business on w'hich he 
embarks. In showing one individual bird or animal, nothing 
counts in success but the appearance of that individual at the 
moment it is shown. Anyone breeding for the show must always 
bear this in nund. In fact, breeding for the shows and sho^ving 
arc two comparatively unrelated things. In many variable 
breeds, breeding is not really the most economical or the surest 
way of success at the shows. Someone who possesses a thorough 
knowledge of what the judges like at the moment can often pick 
up a few winners in unexpected places. When the Bamevdder 
fowl was at the height of its fame in Holland, some of our most 
successful exhibitors simply made a round of the farms and 
pitted up thrir unbeatable pullets or cockerels for a few shill" 
ings. The same is true of Kbode Island Reds and Sussex to-day 
in England; a man who thoroughly understands what is wanted 
at the shows in these breeds to-day can often pick up a pheno- 
menal winner at the farms. Exactly the same thing is true of 
Belgi^ horses and of several breeds of dogs. 

It is not expected of show animals that they will breed true to 
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their individual qualities. In fact, in many instances the very 
standard of a show breed precludes breeding true. In some 
breeds of poultry, such as the Andalusian, the colour must be 
blue, and blues when bred together always only produce 50 per 
cent, of blues. There is even a breed of cattle, the French" Race 
bleue”, the colour of which makes it impossible to breed more 
than 50 per cent, of calves of the right colour from registered 
parents, and not very long ago some English fanciers have fol- 
lowed this ridiculous example by trying to establish the “Blue 
Albion breed”. 

In some real show breeds, some special combination of quali- 
ties is desired that does not depend upon genotype at all. The 
best examples of this are the marked breeds of rabbits, such as 
the English and the Dutch. In those breeds a general sort of a 
pattern is determined by heredity, but the actual placing of each 
individual spot is determined by chance. In such breeds the 
production of a winning animal, after the correct sort of breed- 
ing stock is chosen, is wholly a matter of chance. In the long run 
those breeden tvill have the best chance of producing the win- 
ning Dutch-marked rabbit or Dutch-marked guinea-pig who 
produce hundreds and hundreds of youngsters. To a certain 
extent in such breeds individual excellence is no mark of quality 
as breeding stock; raismarked Dutch rabbits or English ones of 
good parentage are as likely to produce winning oflspring as the 
tvinners themselves. 

In some peculiar instances the chances of producing show 
winners are even better, if correctly-marked or correctly- 
coloured animals are not used for breeding at all. This is always 
so when the shotvs prefer hetcrozygotes. The Blue Andalusian 
fowl is a case in point The mating of two blues together tvill 
give 25 per cent black, 50 per cent blue and 25 per cent dirty- 
white chicks. Only tlic blues arc eligible for show. The breeder 
of Andalusians who knows his business will alwap sell the blue 
birds he does not require for shotving himself. For breeding he 
mates the blacks svitli the whites, for he knot« that this mating 
will give liim too per cent, blue chicks from which to select his 
svinners. 

English rabbits must have a certain medium quantity of 
coloured markings on a white background. Tsvo sucli animals 
mated together will always give only 50 per cent svith the right 
amount of colour, from amongst svhich the breeder will have to 



274 


Animal Breeding 


find his winners, 25 per cent of very light ones and 25 per 
cent of solid-coloured ones. The breeder who knows h« 
business wll ahvays mate the light ones to the solid-coloured 
^vastcrs, because he knom that these matings give him 100 per 
cent, of young with the desired amount of pigment, so that 
he has twee as many chances to produce a wnning ammal 
as the man who plods on mating coirccUy-markcd rabbits 


together. ^ 

In dogs something like tius exists in the Gordon setter. The 
fashion of the moment calls for a certain amount of tan on the 


feet, and this is only found in dogs carrying red as a recessive. 
The red puppies which are always bom in this breed come in 
very useful, as they %vill, when mat^ ivith dogs ^^^th too dark a 
tan, give black-and-tan pups of the fashionable shade. In those 
countries where all-red Gordon setters arc not eligible for regis- 


tration, such red animals can only be used fraudulently. 

In the Blue Albion cattle we have exactly the same thing. The 
only way to produce a blue calf with 100 per cent, surety is to 
mate black to white, for matings between two blues will ahvays 
give as much chance to produce a black (or a %vhitc) calf as 
to give a blue one. 

In some birds and animab the only reasonable way to produce 
show stock is to buy pure-bred breeding stock. This is especially 
true where the aidraals arc monogamous or nearly so, as in 
pigeons or silver foxes Most animals, however, arc polygamous, 
so that one male is sufficient for a great many females. This 
means that a beginning breeder can save a very great amount of 
money by buying just one single male of the right kind and by 
breeding up own strain from it. Of course, it is understood 
that tins can only be done when we are dealing with animals 
where pedigree is of no account, or at least where no closed 
herd-book exists together with the regulation that only regis- 
tered a nimals can compete at the shows. One of the reasons for 
establishing closed herd-books lies in very point, that it 
forces ne\v breeders to buy a number of pure-bred females at 
good prices. 


Closed herd-boola, however, are not common. In most real 
show stock, quahty, that is beauty accordmg to the fashion of 
the moment, is worth much more than pure breeding. Tins 
m^es it posnble for a bcgimimg breeder who wants to econo- 
^ mizc, to make his start with just one good male. He will mate 
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this male with some females, and in selecting those females 
health and cheapness are worth much more than show quality. 
The best thing he can do is to buy females that are rejected for 
some reason connected svith show judging, females with an un- 
fashionable colour, females svith a glaring fault, or animals of 
this land. It is very hard to lay down definite rules, when speak- 
ing of breeding shosv stock in general, as things vary very much 
as between different animals. Where possible a beginning 
breeder should try to buy females that exhibit some recessive 
character, which excludes them from the showyard. I svill give 
a few examples of this in different stock. 

Let us say that somebody wants to commence breeding Lin- 
coln sheep for show purposes. He buys a prize-winning ram and 
looks around for ewes. He can now either buy cross-bred ewes 
or Lincoln ewes of inferior quality, and build up his herd by the 
repeated use of his old ram or a good successor. If, however, he 
can buy black ewe lambs out of the flock of a well-known show 
breeder, this is the best purchase he can make, for if his ram is 
homozygous, this gives Um a crop of excellent pure-bred lambs 
to go on with. 

In those animals where it is customary to send females to stud 
animals, it is not necessary for a beginning show breeder to buy 
his own male at first. A breeder of dogs can make a start by 
buying one or two bitches, which must be of a good strain, but 
need not be perfect in themselves. He can then have those 
bitches served by the most fashionable stud of the period, and 
save a few of the female puppies for his own further breeding. 

One of the surest ways to produce show svinners is to in-breed 
to a fashionable sire. When a daughter is bred to her father, and 
a daughter of this mating is again bred to him, a breeder is 
reasonably sure of producing animals whose genctical make-up 
comes very dose to that of tlic sire. This method is only feasible 
in tliose animals where males are kept for breeding for ses'eral 
seasons, espeeially in horses and dogs. 

It often happens that a breeder, who has a considerable 
amount of .capital invested in animals of a certain breed, wants 
to go in for a different breed which is becoming fasliionablc. Is 
it possible to change from one breed to the other by repeated 
cross-breeding? 

Many recent examples exist in which a herd of animals is 
changed over from one breed to lire other by repeated cross- 
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breeding, and it is really astonishing how quickly this process 
goes, if it is somewhat hastened by judicious selection. When at 
the beginning of the first world war a number of famous Belgian 
studs were imported into the southern counties of Holland, the 
whole horse population of Zeeland and Limburg was changed 
over into horses of the Belgian type in three or four generations. 
When a breed of horses suddenly becomes popular, as the Arab 
became popular in England some years ago, it is quite feasible 
to build up a stud of good Arab horses from almost any srnall 
herd of mares, when the services of a very good Arabian stallion 
can be had reasonably. One of tlic important things to re- 
member in such cases is never to let oneself be tempted to use 
one of the good-looking home-bred males for breeding pur- 
poses, for such animals will be heterozygous for important genes 
during many generations. With females this docs not matter, 
as long as they are bred to purc-bred and presumably homo- 
zygous males. 

In sornc breeds of birds or animals a certain amount of varia- 
bility eidsts even between the best show individuals. In those 
breeds strict selection of the best, most beautiful individuals for 
breeding will bring a breeder to the top. This means that it pays 
to breed a great number of individuals in every generation; the 
more extensively one breeds, the better is one’s chance of pro- 
ducing something very good. The oft repeated saying that in 
breeding it is better to aim for quality than for quantity is cer- 
tainly incorrect; the only way to produce quality from good 
foundation stock is to breed a large quantity of young stock, 
from which to choose the best. 


In some breeds the stock is relatively very homozygous, and 
there is really very little to choose between the best animals at 
me top of the breed. By repeated selection and considerable in- 
reedmg the good animals or birds have become closely related 
and genetically practically identical. In such instances the only 
retrogress attainable is possible by means of cross-breeding. 

When the ideal in any quality in a breed is hard to attain, and 
w en we scc^ that in a dlQcrcnt breed animals excel in this 
particu ar point, the advantage of cross-breeding is obvious. A 
will illustrate my point. 

^e breeders of Magpie pigeons were aiming at a bird wth a 
m, ong, angular neck, and for some time there was really very 
c to choose between the prizewinners in thi‘< respect. The 
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Magpie was crossed svith the French Bagadette, a bird with a 
very long neck, but otherwise very different from the ideal 
Magpie. The hybrids were mated back to Magpies, choosing 
those with long thin necks, and from a succeeding back-cross to 
Magpie was produced one bird that swept everything before it 
at the pigeon shows. 

The case of the Dutch Pouter is very similar. Mr. Spruyt, in 
order to enlarge the feathered boot in this breed, bred some 
hybrids with Dutch Booted Tumblers. From those hybrids, 
mated back to his Pouters, he produced some prize-winning 
birds that were ahle successfully to compete with the finest birds 
in the breed. The same breeder, in order to enlarge the size of 
his breed, crossed some Pouters with Runts. The hybrids were 
massive, but had hardly any foot-feathering. Nevertheless, from 
these birds, mated back to good Pouters, he again produced a 
few birds that were remarkably successful in the show cages. 

When in the modem Collie the judges began to award the 
best prizes to dogs tvith long, narrow skulls, somebody hit upon 
the scheme of crossing the breed rvith the Russian Borzoi. The 
hybrids were probably mated back to Collies repeatedly, and 
the modem show Collies of the present day all derive their 
present type from this cross. 

The breeders of dogs, especially in England, often make use 
of cross-breeding to change the type of their dogs. The advan- 
tage of a cross lies in the great variability that results from it, and 
makes it possible to change the breed by continued selection. 

The fact that the requirements of the show standards are 
dictated wholly by fashion is best illustrated by tlie fashion in 
dogs. In many breeds this fashion changes remarlmbly rapidly, 
and often a noted show winner is as much out of date as a lady’s 
hat of the same period. 

For a geneticist who m.akes a practice of follotving the shows 
of all sorts of animals and birds, the way in which show breeds 
cliange is of very great interest. The process seems to be some- 
what as follosvs. At one moment a certain type of head is very 
much in vogue. To improve upon this somebody makes a cross, 
and as a result he produces in two or three generations animals 
that be.at all others. As a result of the cross, however, tliose 
prizewinning animals have hair of a somesvhat different tj^ie. 
As the judges see this sort of hair in the prize-winning animals, 
it is gradually looked upon, first as not too big a fiiult, next as 
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the usual thing, and lastly as the dtsirablc quality of hair in the 
breed So the process goes on, undl the breed is changed com- 
pletely. A few examples of breeds that have changed coinplctcly 
in this way are the Collie and the Airedale terrier, the Simmen- 
taler breed of cattle, the Fantail pigeon, the small type of Poland 
China pigs. 

In the preceding examples the reason for cross-breeding was 
the fact that a desirable quality was found in some different 
breed. This, however, is not the only way in which cross-breed- 
ing can be useful to the show breeder. Very often it is possible 
to use a cross in order to improve some qu^ty that is not very 
highly developed in the breed used for crossing. ^Vhcn we are 
breeding some bird or animal in which colossal size is the main 
point, after some generations of selection most animals in the 
breed Avill have the combination of inherited factors that makes 
for the largest size in the breed. This does not mean that all the 
possible genes helping to make the animals larger arc present in 
the breed, or that in the make-up of the best animals there may 
not be a few factors counteracting growth. In such dreum- 
stances it is quite possible that useful factors may be present in 
animals of different breeds, which might not even be very large 
in themselves. 

It is a well-known fact that almost always the variab^ty 
obtained in the second generadon of a cross is transgressive, 
wluch means that in all sorts of respects more excessive extremes 
arc reached in that gencradon than in any of the crossed breeds 
or spedcs. 

The plant breeders know that the best way to produce plants 
that arc extremely frost resistant is to hybridize two varieties 
that arc both rather highly resistant, to raise a large second 
generation and select a new extremely resistant type finm 
among this generation. 

same is true in animals. It is not very probable that even 
in Flcr^h Giant rabbits or in Irish Wolfhounds has the ulti- 
mate size been reached that is possible in breeding rabbits or 
dogs. The same is true when wc give our attention to such 
mimaturcs as the Yorkshire terrier or the Rosecomb Bantam. 
In ^ps (rabbits), the extreme car-length obtainable has been 
yaaUaUng al^ut the same maximum for the last ten years and 
It is higUy improbable that straight selection could greatly 
improve It. It is, however, almost certain that the breeder who 
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takes the trouble to cross-breed the different breeds mentioned 
with not too closely related breeds, and to raise a large number 
of descendants from such hybrids among themselves, will 
actually produce rabbits that are larger than our present giants, 
or smaller than our present drvarfs. 

When in one breed one reaches the extreme to which any 
character can be brought by selection, this does not mean that 
this is the ultimate extreme. It is very probable that in different 
breeds there exist inherited peculiarities that, when combined 
with the inherited make-up of the breed we want to improve, 
tvill make it possible to continue with the selection. This is the 
opportunity of the show breeder who has intelligence enough to 
use the method. Most breeders are discouraged when a cross of 
their breed with some other one produces unsatisfactory results. 
This is only what we must expect; if a cross helps us, the benefits 
of the cross cannot be expected to be visible unless we breed one 
or two generations from the hybrids. 

In this chapter on breeding for the shows, something must be 
said about new breeds. Especially in the smaller animals and 
birds, new breeds are continually turning up at the shows. 
There are two sources of new breeds: they may be imported, 
or they may be made. 

Importing a novel breed in itself is not very difficult, but from 
experience I know that it is well to observe certain rules in 
importing novel show breeds. When we can choose between 
several breeds to import into our own country, tlic breed to 
choose is the one that is the least like any of the breeds already 
existing at home. A breed of rabbits or dogs or pigs that look 
very mueh like one of the breeds at home has not as good a 
chance of “taking” as a breed that is a novelty in every respect. 
tVhen the Samoyede was first imported into England, the im- 
porters did not take animals of all tlie different colours existing 
in the country of origin, but they imported striking-looking all- 
wlutc dogs, for the very good reason that no fairly large breed 
of all-white dogs existed in England at the time, so tliat this 
group of imported dogs stood by itself as a striking novelty. 

The Arabian Greyhounds have been imported from Africa. 
The first time when these dogs were imported into France and 
Holland, short-haired dogs were clioscn and called “Sloughi”. 
Tltcy never made very much hcaduay, and the probable reason 
was that tlte general public did not easily distinguish tlicm from 



280 Animal Breeding 

the European greyhound. Later on, long-haired indiWduals of 
a similar sub-breed were imported under the name ‘ Saluki . 
Those animals looked strikingly different, and were much more 
of a commercial success for their importers. 

It is a good rule, when importing a breed of sheep or dogs or 
pigeons, to select for importation striking-looking specimens 
such as are not even common in their own country. This makes 
it less easy for subsequent importations to compete irith the 
first imported stock. 

We must realize that the value of show stock is never deter- 
mined by economic usefulness, but always by a relation between 
demand and supply and by wholly arbitrary standards of 
beauty. The standard of beauty of a newly-imported breed is 
wholly determined by the quality of the first few animals im- 
ported; once a breed has been established in a new country this 
standard of beauty is relatively fixed, so that animals that arc 
imported later will be judged according to this standard. This 
means that very often a breed of animals will be different in one 
country from what it is in some other country, and it also 
explains why the show standards differ from one country to 
another. 

Whereas the fancy of breeding animals and birds for shoivs is 
developed most highly in England, Holland, Bel^um and Ger- 
many, in England we find the art of making money from breed- 
ing for the shows very much more highly developed than in the 
other three countries. This shows itself most strikingly when we 
observe the posifion of imported breeds in England. A typical 
Enghsh show breed like the English Game is bred in dozens of 
colours, but a typically imported show breed like the Flemish 
Giant rabbit, which in Holland, Germany and Belgium is 
shown in eight or nine colours, is known at the English shows 
only in the colour of the first few animals imported there. 
While the show fanders on the Continent often make the 
of accepting the prevalent English show standard for 
rcc^ imported from England, in most instances the English 
fanoOT soon after importing a foreign breed establish a stand- 
ard of their own devising, somewhat different from the Conti- 
nental one, and this effectively cuts off foreign competition, as 
r “ do. The most notable examples of this can be 

m the pigeon fancy and the dog fancy. 

There is always money in. a new breed, quite apart from the 
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actual merit of the animals. The fact that only a few animals 
exist, so that the demand, once created, is greater than the 
supply, makes it profitable to breed a new bird or a new show 
animal. Some people who realize this make a point of always 
breeding the newest breeds for some time, always dropping a 
breed that happens to become common and taking up a newer 
one. This is not everybody’s work — one needs very pronounced 
qualities in order to be able to create a “boom”. 

It sometimes pays to make a special breed of am'mal — one that 
combines the desirable qualities of two other breeds, but in so 
far as the making of show breeds is coneemed, it is always best 
to make only sueh novel breeds as can be easily compared with 
others already existing. When we make a new colour-variety of 
an existing breed, this novel breed is aceepted more easily if it 
ean be seen that in the most important other respects the 
animals are of excellent quality. A novel colour-variety of the 
Leghorn can at least be judged as a Leghorn, or a blue-pointed 
Siamese cat rvill be accepted by the fancy if it is a Siamese of 
good quality. 

Such novel sub-breeds are more often found by accident than 
not. In every breed recessive noveldes are apt to erop up, and a 
breeder who is suffieiently conversant with genetics can easily 
mrike a new breed with the aid of even only one strilangly 
different individual. The example of the short-legged Ancon 
sheep is well known. I have already spoken of the blue-pointed 
Siamese cat. The Golden Labrador is another example. Some 
years ago I found one white pullet in a batch of common brown 
Bamevelders, and in a few seasons, by means of this one bird, I 
produced the recessive white Bamcvclder, a breed that is equal 
in every respect to the ordinary laced Bamevelder, including 
egg colour, and different from it only in being wholly white. In 
the special chapter I show how a new breed can also be made 
out of an existing one by adding one gene by means of repeated 
back-crosses. 

In a few cases new breeds resulting cither from “sports” 
or from cross-breeding have been either erroneously or delibCT- 
ately passed off as importations. The instances in which strik- 
ingly handsome animals or birds of very uncertain origin have 
been found in hybrid groups and imported as foreign “breeds” 
are not very different. The Sumatra fowl is one example that 
readily comes to mind. It is very certain that it would pay a 
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poultry fander to visit the bazaars and markets in Java antUhe 
Malay Peninsula to look for strikingly beautiful netv “breeds 
of poultry, especially in regions where many spccics-hybnds arc 
produced. - 

I have already spoken of the great importance for breeders o 
show animaU to Study the individual idiosyncrasies of show 
judges, so that they '\wll know under which judge particular 
animals have the best chance of winning prizes. 

Of very great importance, especially in some animals, is a 
thorough knowledge of the non-inherited factors that go to the 
making of a fint-class show animal in prime condition. In some 
dogs and sheep one must know just where to trim oflf some more 
h^, to make the animal appear bulky in one spot, slender in 
the other, according to the fasluon of the moment. In cattle and 
swine one must kno^v just how far to fatten the animal for 
shows, and just hoiv long in advance to start doing it- Legion 
arc the small tricks employed to change the appearance of the 
animals prepared for show, and it is necessary to know just how 
much trimimng and faking is permitted. No general rules co^d 
be given. \Vhat b perfectly le^dmate in the Cocker Spaniel, 
trimming away some hair to mnkp the cars appear longer and 
the head lugher, would be conadered a crime, debarring the 
fander caught in it, if it were done in poultry. On the other 
hand, the cutting off some bladt feathers in the white topknot 
of a Polbh fowl b permissible, but pulling out or cutting away a 
small white blaze on the chest of a miniature Fincher would be 
an offence severely punbhed. hfassaging away surplus flesh in 
spots where too much shows in show bulb b quite pennbsiblc, 
but a subcutaneous injecdou of turpentine to rabc a dcprosion 
on the surface of the same animal would not be alloived- 
Sometimes the show-yard ideab happen to be so ridiculous 
that bringing an animal in first-class show condition ruins it. 
This b especially true in swmc and bulb, w here the judges can- 
^t s« their good points unless they arc shown rolling fat. 
Keeping a bull in show condifion for some time often renders 
It sterile, but in some instances the enhanced value its sons 
■v^ attain when the father becomes a champion ivill ofiset the 
dravkback. 

^ popnlar fall a cy to bcKcvc that real enthuaasm for a 
reed IS a prime necessity for a successful breeder. If success b to 
be measured by monetary gain, thb b certainly untrue; those 
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people maie most money out of the show business who are good 
advertisers and good business-men or business-women, level- 
headed enough to drop the breed they have been boosting, in 
favour of another one that has just become more popular. 

To be a successful breeder of show stock one should first pick 
some breed that promises to be popular and adapted to one’s 
circumstances. For some obscure reason that I have never been 
able to grasp, different classes of animals find their devotees 
under different categories of men; it can even be said that men 
are attracted to some animals, and women to others. Why 
should it be that the breeding of show cats is almost wholly in 
the hands of ladies, whereas there are as many men as women 
among dog fanciers and rabbit fanciers, while pigeons are 
essentially a men’s hobby? 

Next, tlie beginning breeder must buy some good breeding 
stock, and he or she must start at once to “boost” that breed. 
He must study the shows, and exhibit carefully-prepared 
animals just where the chances are best that they svill give a 
good account of themselves. Most important of all, the breeder 
must thoroughly get rid of any notions he may have that there 
is a logical reason for any point admired in the breed. The legs 
in one particular breed are not long (the longer the better), 
because this gives the animal great speed, but simply because 
the judges to-day like to see them long. Ten years from now the 
judges of that day may prefer to see them moderately long or 
even short. 

If there is any correlation betsveen show points and econo- 
mically or physiologically useful qualities, this should not con- 
cern the show breeder other than as a striking point in his efforts 
to boost the breed; he should not act upon his belief when 
fashion goes the other way. Showing has nothing to do with 
utility at all, it is simply a competitive game, and tlie way the 
fancy goes should never be taken too seriously by any of the 
insiders. 

The breeding of show animals, especially of the smaller kinds, 
is a hobby that brings quite a lot of interest in a great many 
otherwise humdrum lives — and this is the best that can be said 
for it. Further, a few people make money by it and that is the 
next best point. 
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NOTES 

This chapter, packed with inside information and worldly unsdom, must 
surely be unique All agricultural students should be adotsed to read it, and 
most agncidturol journalists be con^Ued to swallow tt^ 



Chapter Thirty-Seven 


The Influence of the Shov/-rIng 


▼ ▼ hen a breed of animals or birds becomes of 
some importance, it will soon make its appearance at the shows; 
and shotving the breed is apt to have its influence upon the 
variety in different ways. 

This influence begins very early when a novel breed is im- 
ported into some other country, for only very rarely is the 
group that is imported a random sample of the breed as it 
pdsts in its own country. Generally the group is selected for 
importation — a group that is much more homogeneous than 
the whole breed, as the fancy of the importers made them choose 
animals of a certain colour or a certain type. 

Exactly the same thing is true when a breed of animals which 
has been bred for a long time in a certain country is first shown. 
The Keeshond in Holland originally was bred in tiro colours, 
wolf-grey and white; but when the breed was accepted as a 
show breed, for some obscure reason the whites got excluded. 
This fact made the breeders discriminate against the whites, 
so that gradually the majority of animals in tliis breed of dogs 
have become grey instead of white. The whites however are 
still very popular in the U.S.A. but not at the shows. 

This discrimination at the shoivs In regard to one definite 
type, or of one definite colour, produces its influence upon the 
breed in many ways. The first cHcct is an appearance of uni- 
formity, which is not necessarily related to a real uniformity, 
but which may be the cause of a subsequent reduction of vari- 
ability. A more important influence upon tlic breed lies in die 
fact that it makes conformity to the chosen type more important 
than many odicr qualities of really much greater value. 

Herein lies a grave danger of die influence of the shows, 
u 28S 
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There arc in every breed a number of qualities that cannot be 
judged at the shows but that arc of the greatest importance for 
the use that can be made of the animals. The ability of a cow 
to produce milk cheaply, the temperament and sense of sm^ 
in a sheep-dog are of much greater importance really than the 
length of the tail and shape of the back in the cow, or the way 
in wWch the dog carries its tail, but as these latter qu^ties ran 
be judged at the show they are apt to obtain a selection-value 
that is out of all proportion to the value of those characters in the 
animals. Very often animals that arc not really good spedm^ 
of thdr breed may have a fictitious value as breeders attached 
to them as a consequence of their being highly recommended 
at the shows. A nervous or a gun-shy hunting-dog may become 
celebrated as a show dog, and as a result may be used for breed- 
ing extensively; a bull that produces as many poor heifers as 
good ones may be so attractive that he is xiscd for stud purposes 
instead of being scrapped, because he gets a championship at 
a show. 

The exhibition of animals at shows is good business from the 
point of view of the breeder, who makes his living selling breed- 
ing stock, and the shows have formerly done great service in 
getting the fanners interested in breeding good stock; but the 
question may well be asked whether the 5ho^v system is not 
responsible for much more harm than good from an economic 
standpoint. 

Different causes have contributed to the idea that the qual- 
ities we judge at the sho>vs arc correlated to economically 
important characters in the breed, and this idea has justified 
jud^ng the ammals accorduig to exterior. Breeds differ from 
breeds, and families differ from families in economic quahties 
as well as in small show points, and it is easy to mistake this 
connexion between the points of a breed and its intrinsic 
qualities for a causal relation. A certain breed of milk-cattle 
may be characterized by a low-set tail, and an excellent family 
of raccoon hounds may have exceptionally long cars. This does 
not mean that there is any causal relation between set of the 
tad and^milk production, or between car-length and hunting 
ability; it simply means that the breed happens to have a set 
of genes that is responsible for car-length or shape of the tail, 
and at the same tune a set of genes that makes the animals 
excellent from a user’s standpoint. 
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It is evident, however, that once we introduce those fancy 
points into the standard of perfection of the breed, the breeders 
in selecting breeding animals will give more attention to those 
easily-judged qualities than to the more important qualities 
that do not happen to be of such a nature that we can evaluate 
them at the shows. 

In some instances a certain interdependence between qual- 
ities of economic value and easily-judged exterior points does 
exist, namely in those instances where the effects of high pro- 
duction can be seen in the animal. A heavy season of milk pro- 
duction gives the cow a set of easily-recognized qualities; a long 
laying season will have its visible effects on the body-shape of 
a hen. This may result in the possibility of selecting a good 
producer ofa breed one knows at a sale, and it is not surprising 
that judges may start looking for these qualities in the animals 
presented to them. 

Whenever anybody has taken the trouble, however, to study 
the correlation between show points and economic value, this 
correlation has always been shown to be insignificant. 

A great deal of harm has resulted from taiing such show 
points into a standard of perfection to be used in selecting and 
rejecting animals for a stud-book. This has resulted in setting 
up false standards of usefulness to breed up to, and sometimes 
it is very difficult to get back to a reasonable basis for selec- 
tion. 

Boutflour has summed up the situation in the follotving way. 
Either there is a correspondence between show points and 
utility, or there is not. If there is, it is clearly unnecessary to 
select for show points, for they svill automatically follow if we 
select for real value. If there is no real causal connexion be- 
tween the two, it is evident that selecting for show points, when 
aiming at improvement of cconomically-important points, is 
leading us astray. 

In tlie production of some kinds of animals, namely, tliosc 
that are bred for no otlicr purpose but to svin prizes at the 
shosvs, the shows fulfil a real need. As the fashions in show 
animals change, it is continually necessary to keep on selecting 
and cross-breeding to keep in the swing, and very many people 
obtain great satisfaction from doing tliis sort of tiling and pro- 
ducing animals that tvill tvin at tlic shows over the animals of 
their competitor. Tlierc is no harm at all in tliis game, which 
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provides a great many people with an interest in life and inci- 
dentally enables a few breeders to cam money by following the 
fashions and selling prize-winning stock. 

In the production of cconoimcally-useful animals, however, 
such as cattle, swine, egg-laying breeds of poultry, and horses, 
the show-ring is more of a menace than an aid to breeding. 


NOTES 

The last sentence of thu chapter sums up HagedoorrCs considered opinion 
on the place of the skouhnng and showing in the economic improvement of 
livestock. He se^s what very many must feel bat are dijjident to express because 
of the enormous prestige that successful showing still enjoys. Hagedoom had 
the courage to speak hu mind, and I am comnneed that what he said is entirely 
justified 


Chapter Thirty-Eight 

Scientific Investigations and Animal Breeding 


^^Ithough a considerable amount of scientific 
research has been done on domestic animals, most of this work 
has been concerned with the utilization of animals. Much of 
what we know about the feeding of cattle and swine is the 
result of painstaking experiments in different fields. In most of 
these investigations, however, the constitution of the animals 
concerned has been taken for granted, and very little serious 
it'ork has been done on the improvement of the animals them- 
selves. 

As the animal breeders arc concerned svith combinations of 
genes, it seems evident that investigations that have as their 
object a knowledge of the different inherited factors should be 
of the utmost importance. We geneticists in our purely scientific 
work arc always striving to analyse the genetic factors that dif- 
ferentiate our experimental animals, and wo cannot be sur- 
prised that the first genctidsts who concerned themselves with 
animal breeding had the impression that it svould be useful, or 
even absolutely necessary, to analyse all the genes in our 
domestic animals, in order to build up ideally useful breeds 
from those building-stones. This idea has been proved erron- 
eous. It was based upon a misconception of tlie number of genes 
concerned in tlie differences betsveen our animals, and of tlic 
action and interaction of genes in des’elopment; in fact, it ss-as 
based upon the Weismannian conception of genes as determin- 
ants, each for a spcdal unit diaractcr, and of the organism as a 
mosaic of separate, separable durracters. 

In other chapters I have treated oftliis p.rrt of the subject and 
have given a warning agaiiut attempts to foist upon Ute pubUc 
quasi-genctic schemes wth four or five Mcndclian fiictors. Yet 
269 
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I would not give the impression that factor-analysis in domestic 
animals is valueless from a practical standpoint. It is very 
important that pure science shall go on, unhampered by prac- 
tical considerations, as applied sdcncc is always a by-product 
of pure science, and nobody can ever tell %\hcrc the practical 
appheations vdll come from. One direct practical result^ of 
factor-analysis in poultry, for instance, has been Uic production 
of the new auto-sexing breeds of poultry. 

When it becomes possible to substitute Canutian Govern- 
ment regulations for the intcr-play of supply and demand, and 
to divert a fraction of the money now spent in attempts to regu- 
late animal breeding to the necessary investigations in the 
interest of the breeding industry, it will be necessary for gcncti- 
dsts to state just what kind of investigations are of primary 
importance. 

From a knowledge of plant and animal breeding as well as 
genetics, I emphatically state that investigations with factor- 
analysis as their object arc not of prime importance. 

Of very great urgent present importance arc investigations 
destined to criticize methods of selection. If we could find some 
money for solidifying the scientific foundations of animal breed- 
ing, we should t^c the lessons of plant breeding to heart. It is 
very dear that in plant breeding the greatest advance in the 
last twenty-five years came from novel and better methods 
of selection and the making of novel combinations of genes, 
generally unaccompanied by factor-analysis. 

In animal breeding there arc three fundamentally different 
methods of obtaining a good fit beuveen the nature of a breed 
and the direct environment in which it must be put to use. 

(i) First, there is the method of selecting the best breed from 
among Ac numerous breeds available, and this includes trying 
breeds imported from other countries. Up to the present the 
main progress in animal breeding has been due to this method, 
mostly by a rough and ready method of often wasteful trial and 
«Ton Although this trying out of different breeds and local sub- 
breeds is of extreme importance, it is not really a matter of 
appU^ genetics, and no spedal institute of animal breeding 
s 0^ e necessary for it if the zootechnicians know their 
business. 

second method is that of producing new breeds by 
a clibcrate process of re-combmmg material present in 
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separate breeds and species. This is of great importance in plant 
breeding, and should be of equal value for animal breeding. 
Even in poultry it cannot be said that any considerable work 
has been done along those lines; the economically useful breeds 
have originated mostly either as show-breeds or as local land- 
races, without any deliberate method. The two most important 
breeds of domestic birds, the Khaki Campbell duck and the 
White Leghorn fowl, are striking examples of this. 

It should be recognized that there is no reason for making 
new breeds until we know that the existing ones have definite 
faults that could not be bred out. As long as in the existing 
breeds a number of individuals are exceedingly valuable there 
would be no object in trying to construct new breeds. In 
poultry, however, where making a new breed is something 
which we know can be done for a few hundred pounds, and 
where no ideally good breed exists, the deliberate construction 
of a new breed combining the good points of some of the existing 
ones could very well be undertaken by an Institute of Applied 
Genetics, with expectation of complete success. 

(3) The third method of improving domestic animals is 
selection within the breeds. This is the most important subject 
of all. The object of selection is mainly to produce uniformity for 
those qualities that are now present in the very best aniinals. 

Animal breeds are mostly exceedingly variable. Some animals 
excel in one respect, others in different ones. In many breeds, 
aberrant individuals are very often produced, very few breeding 
animals having such a m^e-up that all their offspring are 
valuable from a user’s point of view. Even a very superficial 
study of methods of selection in use shows that in this respect 
animal breeding is lagging considerably behind plant breeding. 
Methods that were abandoned in plant breeding because a 
thorough investigation of tlicir practical value showed tliem to 
be absolutely worthless are still in use in animal breeding. 

This, to my mind, is an exceedingly promising field of study 
for an institute of animal breeding. The methods of selection in 
use can be roughly divided into Uirce groups: 

(a) The first method employed is tlrat which we could call 
the method of selection according to individual merit. This is 
the most obvious method, whicli is in use even where primitive 
men keep animals, the mctliod of saving (or breeding tire very 
best individuals. 
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When geneticists started to investigate the results^ of th«c 
methods in plants and animals, the result was astonishingly dis- 
appointing. Ten generations of selection of the heaviest layers, 
mated with the sons of the very best layers, was sho\vn by 
Raymond Pearl at Maine Experiment Station to have produced 
no effect whatev’cr. \Ve could show that even fifty generations 
of strict selection in wheat did not result in changing the 
characters of the cars in any way. 

Genetidsts know pretty well why this method fmls in so many 
instances. Individud value is the result both of inherited make- 
up and of a favourable combination of cnviroiuncntal circum- 
stances, and the effects of these latter arc not transmitted. A 
good animal may be heterozygous for many of the genes that 
make it excellent, so that only part of its offspring inherit those 
genes. It is extremely important, how ever, that such methods 
should be the object of experimentation. It is not sufficient that 
we know that selection for individual merit is ineffective in 
wheat and mice and poultry; it is necessary that we should 
know how efficient the method is in s>rine, in dairy cattle, in 
sheep, in hones. 

[b) The second method of selection is that in which the 
bases of selection arc qualities that arc not sought for because 
they arc of great value themselves, but because they arc thought 
to be correlated ^vith the quahtics we value most. Breeders look 
for a wcU-shaped udder in heifers because they believe this 
shape is correlated with milk yield; they prefer swine %vith thick 
tails, because they arc convinced ffiat such swdne are using the 
food consumed more economically than thin-ttiled hogs. I 
^vc many examples in the chapter on Correlation, and 
I have discussed the subject at some length. Here wc arc con- 
cerned with the possibihty of studying the basis of such methods 
experimentally. 

• genctiosts have taken the trouble to investigate 

just ow a behef in some of those correlations originated, but 
J^cn we W started to inquire into this subject wc have alw-ays 
been shocked to find that we arc almost invariably deahng with 
pure supOTUtion. In a very fciv instances the belief in a corre- 
on is ue to a faulty method of thinldng, or to unwarranted 
graerahzations, or to the observation of accidental association 
ot two qualiUes m one breed. 

In plants the methods of selection based upon supposedly 
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correlative qualities, instead of upon the actual qualities sought, 
have gone out of fashion, and are now only of some historical 
interest. These methods disappeared, partly because investi- 
gation showed that the correlations most firmly believed in did 
not in fact exist, and partly because even where correlations 
did exist, safer and less roundabout methods of selection came 
into general use. 

In animal breeding, exceedingly little has been done to 
investigate the value of even those instances in which a belief 
in correlations is most firmly held. I have no respect whatever 
for firm beliefs in such matters, for I have seen that in tlie few 
instances where those beliefs were put to the test of an investiga- 
tion, they were found to be wholly unfounded. The rankest 
superstitions tend to be most firmly believed. When breeders 
believe that a straight back and heavy feet are correlated svith 
robust constitution, we tend to think that they do this because 
of experience. When, however, we find that these beliefs are 
based on no solid grounds, we begin to sec that it is time for 
somebody to take the trouble to put these opinions to the test 
of experimental investigation. 

TMs is not inherently difficult, only such investigations cost 
time and money. When in a given year, several years ago, a 
hundred heifers were lauded in the agricultural journals and 
were regktercd after judging because they had excellent con- 
stitution, as sho\vn by the straightness of their backs and the 
solidity of their legs, it should have been possible to inquire into 
the whereabouts of those cows, to find how many of them 
were still being milked as eight-year-olds, how many had been 
scrapped, and why. It should be possible to do the same thing 
for a hundred heifers tliat were denied registration for having 
weak backs or insufficiently solid feet. In tliis way we could 
find out whether there is any truth in the belief that straight 
back and solid legs arc signs of robust constitution. 

In horses the belief that robust constitution can be judged in 
the young animals by looking at certain bodily proportions 
could easily be put to experimental test. 

In swne it would be very useful to see whether tlierc is any 
trutli in the universal belief tliat thinness of legs is correlated 
svitli leg-weakness, and whcUicr a ssTinklcd forehead is corre- 
lated witli poor butcliering-qualily. Such investigations wuuld 
cost time and money, but this moncj' would be very 'veil spent. 
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In dairy cattle statistical investigations started by 
Buursma and later extended and corroborated by Mr. van Ocn 
in Holland have sho^vn that the correlation between cxmUotcc 
in such show features as points for back or It^ or loins in bu^ 
and those same qualities in thdr daughters is ncglipbly sm^. 

The amount of energy and money involved in animal breed- 
ing based upon correlative characters is prodigious. 'Hiis whole 
edifice is erected upon a foundation of untried solidity. Speak- 
ing from the experience derived from a knoivlcdgc of plant 
breeding I am very much afraid the foundation is not only 
untried but thoroughly unsound. 

This should be the very first object studied by an institute oi 
applied genetics that ivould have the importance of sound 
methods in animal breeding at heart, because of its great value 
for agriculture. 

(e) The third method of selection in animal breeding is the 
method treated in the chapter on progeny-tests. This me^od 
is founded upon a healthy distrust of theoretical considerations 
in the matter of selection. 

There is no getting round the truth that that animal which 
weighs most is the heaviest animal. In the same way it is an 
obvious truth that that animal which gets nothing but valuable 
daughters is worth more as a breeder than his brother ivho gets 
good daughters, mediocre ones and bad ones, everything else 
bang comparable. 

Selection according to progeny-tests is a method of working 
that deliberately scorns to TnaVi* use of any of the proposed 
short-cuts, and acts upon the sound empirical prindple that the 
proof of the pudding is in the eating. It is the only method of 
selection that has been proved to be of any value in plant 
breeding. 

Experimental investigations in thi^ field are nece^ary to test 
Ac value of different fringes, tacked on to AU method to make 
it appear ciAcr more imposing or more acceptable to Ac men 
used to old-fashioned mcAods of working. Half a do2^ more 
or IcM complicated meAods of produdng bull-indexes have 
been mvented, and most of Aese can be mvestigatoi statistically 
or even experimentally. 

^ far as Aese indexes ^ve a picture of Ac male’s breeding 
vmue as d^endent upon Aeorctical considerations, an clement 
of speculation enters. A plain statement giting Ac number of 
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offspring examined, and their quality, suffices to provide the 
breeder with a good working knowledge of the breeding value 
of a male, provided the group of descendants is representative 
and in no way selected. 

Very often the examination of an animal’s breeding value is 
made complicated. Instead of a mere statement of the real 
economic quality of the descendants, and nothing else, the 
examination also goes into external characters of supposed 
value because they are believed to be correlated with real 
economic value. Although it seems evident that this complica- 
tion lessens the value of a simple sire index, it is certainly worth 
while to study such instances exhaustively, to find out just in 
how far they give a wrong picture of a sire’s value. 

In the breeding of poultry and ducks it has been found that 
the method of selection consisting of choosing the best group 
of offspring from several such groups, each by one sire, basing 
the choice on real economic value of the daughters only, works 
very well. 

It should be tried in other livestock. If it were found that we 
could base selection in swne exclmively on the value of groups 
of ofispring produced by different fathers, without looking at 
supposedly important external points at all, eitlier in parents 
or ofispring, this system of selection would automatically result 
in profitable strains. 

In our present methods of animal breeding, too much depends 
upon plausible-sounding theories to let those theories go unclial- 
lenged. It is clearly the task of those in authority in such matters 
to give genetidsts the opportunity to conduct tlrcsc fundamental 
investigations. 

[Note. — Five diagrams, Figs. 38-43, arc appended on pp. 354-359. taken 
from Tht Helative Value of the Procesees eausing Evolution. These arc related to 
subjeets discussed in this chapter.} 
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aims in selection. Were the methods of selection as ineffective as ^ so 
frequently suggesUd, then these wrong aims would be of far less danger to the 
economic usefulness of our farm animals. 

When a Breed Society establishes long, dangerously poinUd horns or apace 
covering of blinding wool as breed points in cattle or sheep, then it can y 
argued that the aims of such Breed Societies must be wrong if the breeding oj 
farm animals is to retain ariy utilitarian and economic purpose. 

Jf Breed Sodelies could be persuaded to drop such fancy and someti^s 
frankly undesirable points for which to breed, and concentrate their breeding 
efforts on the economical production of that particular product for which 
breed of livestock is commercially kept, then there would be far less justtjica- 
tionfor the criticism of Breed Societies. 

For, as regards methods, there is really no such great gulf between the 
methods used by every successful pedigree breeder and those being most strongly 
pressed at the present time by geneticists and other scientists interested in livestock 
breeding. Every breeder of pedigree livestock practises the Sire Performance 
Test in some measure, in that among his male stock, be th^ bulls, rams or 
boars, he will castrate those which in the course of their development do not 
come up to the standards of his herd. The real trouble is that, because of un- 
realistic aims in breeding, a male imperfect in some unessential breed point, say 
an unfashionable colour, is quite as likely to be castrated as one which grows 
slowly and makes an uneconomic use of its food. 

Similarly, successful pedigree breeders make use of a Progeny Test in that 
th^ bring every slock sire to judgment on the value of his get. The difficulty 
here is that a sire which leaves a very few outstanding individuals may be 
preferred to one that leaves more uniform and commercially useful stock. 
is because, as I/agedoom so frequently emphasizes, an outstaying individual 
is, from the show-yard point of view, of greater value than the most level lot 
of calves or lambs. 

In any event it seems a (rife illogical to accuse pedigree breeders of doifjS 
damage to the commercial value of breeds by selecting for fan^ points while 
arguing, at the same time, that the methods of selection used by such breeders 
are relalively ineffective. Were the method of selection ineffective, then false 
aims in selection ivould obviously be of less serious moment. 

The newer outlook on the breeding of farm animals might more property 
be called^ quantitative rather than scientific since the main innovation suggested 
li addition of measurement to observation, Mensuration is not neeessarty more 
aecurale than trained observation, and fgires, in themselves, may not be so 
v^ scientific after all. So far, the most valuable contribution of the geneticist 
has been to concentraie attention on characters of economic importance for which 
to breed. There has been an improvement in alms, but the improvement in 
methods, so far, is rather less evident. The over-concentration of effort in 
rruasuring liveweight gains cannot be termed cm unqualified improvement. At 
U^t xn one mat animal— the pig-it has been shown that an animal, 
g excellent tn respect to livezeeightgain and economy of food conversion. 
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mt^ be woefully deficient in the very product for which it is bred^ namely meal. 
It has also been shown that the grading system devised by scientists and applied 
to bacon pigs may result in up to 40 per cent, of the pigs of the highest grade 
{and therefore presumed to be of the highest quality) being entirely xmsuiled to 
produce the product — namely bacon— for which they have been specially graded. 

Againy in respect of progeny-testingt the first essential of a scientifically 
conducted progeny test is that the sample if progeny tested be a random 
sample. In the ^sterns of pig progeny-testing, both in this county and in 
Denmark, that essential is still being ignored, although Hagedoom long ago 
drew attention to its omission. 

Geneticists, many of them lacking the detailed knowledge of the methods of 
the pedigree breeder which Hagedoom possessed, are highly critical — and in 
certain instances, rightly critical — of those methods. It might, however, be 
a very good thing were such geneticists to realize rather more clearly than they 
are inclined to do that criticism, like charity, should begin at home. 



Chapter Thirty-Nine 

Breeding of Special Groups of Animals— I 


Introduction. While it is true that exactly the 
same laws of nature govern heredity in all animals, I know from 
my own experience as an animal breeder and as a consulting 
genetidst, that in the breeding of every group of domestic 
animals spcdal difficulties arc met. The breeding problems of 
the man breeding bantams for the shows are wholly different 
from those by which his colleague, breeding Leghorns for egg 
production, is confronted. 

In many instances the breeder of one sort of animals c&p 
easily do what would be out of the question for economic 
reasons in the breeding of another group of animals. 

On the whole, it is desirable that the breeders shall not just 
work blindly, following the lines of least resistance, the dictates 
of the fashions, or even the counsels of genetidsts, but that they 
vrill try to understand what they arc doing. It is even very desir- 
able that they shall try to understand what other breeders, and 
what plant breeders are doing. From experience in co-operating 
with breeders, I know how often it is possible to adapt the 
methods of one breeder to the needs of a second one. For this 
reason the bulk of this book has been devoted to a general dis- 
cussion of the principles underlying an im a l breeding, and of 
working methods. 

At the same time, it seems desirable that some space should be 
^ven to a discussion of the very special problems that conlmnt 
nf <^ch special group of domestic animals and 
birds. "Ilie folloiving chapters arc necessarily very uneven. For 
one thing, many very spcdal problems have been used as ex- 
amples in the body of the boo^ so that most problems of some 
groups of breeders have been rather fully discussed in many 
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chapters. In writing the following special chapters, I start from 
the assumption that the specialist, reading the chapters that 
most closely concern him, has read the book, and very often I 
will refer him to one or the other of the general chapters. 

In the following two chapters I have made no attempt to be 
exhaustive, and where I have no first-hand knowledge of the 
problems discussed, I say so. Many more groups of domestic 
animals exist than the twenty-six groups that are given special 
sections. A few have been left out altogether. I know nothing 
whatever about the camels and about the breeding of llamas 
and alpacas, as no breeder of such animals has ever deemed it 
advisable to consult me. I have no doubt, however, that even 
the breeders of these animals will find plenty of suggestions in 
the book to enable them to decide whether their present 
methods of breeding need revision. 

The Horse. The number of horses per owner is still smaller 
than the number of cows, and this fact makes some of the diffi- 
culties we meet in cattle, still greater in horses. It puts still more 
responsibility on the shoulders of the stud-book authorities, and 
at the same time it increases the danger that a breeder will make 
unwarranted generalizations. Real breeding experience must 
be lacking in most horse breeders; a breeder who has bred 
Airty foals counts among the experienced horse breeders, but 
It stands to reason that this experience is as nothing compared 
'vith that of a poultry breeder. 

The shows have had an enormous inffuence upon horse breed- 
ing, and in many countries a system of licensing stallions, and 
of prohibiting tlie use of non-liccnscd stallions, has been founded 
upon a system of judging for show points. 

This system of stallion-Kccnccs was well established before wc 
knew the real causes of prepotency and breeding value, and it 
much needs revision. It is certain tliat good-looking stallions of 
hybrid origin are sometimes licensed, while purc-bred stallions 
that look less brilliant, but arc probably better as sires of llic 
next generation, arc rejected. There is no exctisc for a s>’stcm 
that is based on the fallacy that an animal’s individual qualitiw 
arc inherited. If a s^'stem of licensing stallions is necessary, it 
should be based upon a progeny-test, so tliat only sires tliat lia\*e 
produced a group of offspring (to be judged from a random 
sample) of good quality', arc definitely' licensed. Sucli a system 
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could be combined with stud-book registration in such a way 
that only proven sires can be definitely registered, and only 
sons of registered fathers can be licensed for use. 

Wriedt’s excellent idea of deferring registration of stallions 
until they have produced a certain number of offspring from 
their own daughters ^vould, if applied, have the effect of eradi- 
cating Icthals and less fatal inherited faults. 

With those breeds of horses in which the animals arc actually 
used for economic purposes, sensible tests of merit should be 
substituted for judging for show points. In a draught-horse we 
require pulling-power and staying-power, in correct proportion 
to the value of food consumed, and not simply brute weight per 
individual. 

It is possible to change over one breed of horses into a sewnd 
one by a system of repeated grading, in a very few generations. 
Horse breeders should remember, however, that this is an auto- 
matic process that can only lead to the complete change of one 
breed to the other. If a complete change into the nciv breed is 
not desired, this work should not be undertaken, and another 
breed that really fulfils all our requirements should be intro- 
duced. Improving an existing breed by the introduction of a 
“dash of blood” from another breed is an enormously difficult 
undertaking, which is beyond the power of horse breeders 
operating with a few marcs. On a certain day the herd-book of 
the hght agncultural horse in a continental country was split 
up into two sections. At a national show it ^vas found later that 
the grand champions of the two types were related. They were 
father and sonl 

In importing a breed for use, the great mistake of taking the 
individual value of an animal for an indication of its breeding 
value should be avoided at all costs. The first thing we must 
know is, whether pure-hred aiumals of the desired breed, when 
bom and r^ed under our own conditions, grow up into the 
sort of horses we Avant. It would have been impossible to 
prophesy that pure-bred Arabs bom and raised in Java would 
retain their usual size, whereas hunter foals bom and raised in 
the same spot would grow up as ponies! 

In certam circumstances, first-generation hybrids betivccn 
two breeds arc of excdlent v^ue. In such instances these hybrids 
produced anew from pure-bred parents, and the iniS“ 
take of using such hybrids for breeding, because of their per- 
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sonal value must be avoided. I am thinking of such cases as the 
excellent hybrid hunters from Thoroughbred X Suffolk Punch 
crosses, and of the Arab x cow-pony, riding-pony or polo-pony. 

Very peculiar problems are involved in the breeding of race- 
horses. Here it is often seen that individual merit does not neces- 
sarily go together with breeding value, and some of the famous 
sires have been mediocre race-horses. In this work the aim is 
not to produce groups of foals of high average value, but to pro- 
duce one or two outstanding individuals. 

One of the most promising breeding schemes in race-horses is 
the duplication of a famous speedy sire. This can be worked in 
fte horse, because of the great age to which studs keep breeding. 
My id^ would be to breed back a few daughters of such a male 
to th^ father, mate the mares so produced to the “grand- 
lathw”, and continue as long as possible, or until success is 
attained. This is a system of breeding for speed, which has a 
sound genedcal foundation, and the same thing cannot be said 
or the fanciful systems of “blending”, in which some breeders 
seem to have faith. 

1 have devoted a separate chapter to mule breeding. Atten- 
Y Jhould be given to the fact that some marc mules are fertile, 
might be extremely valuable to introduce some of the donkey 
into a breed of working horses, via such fertile mares, to 
tion° breed in regard to economic food consump- 

s'elation to work done, and in regard to longevity and 

staymg.power. 


(jp , The horse and the ass have been hybridized 

**cs rimes. The mule has a combination of quali- 

stancr^t^^*? more economical to use in special circum- 
dontcv’ 1 ” *^^*}*^ horse or the donkey. It combines the 
'rith ftc sobriety, toughness and level-headedness 

*>ct\vccn r superior speed. For special work, as 

'0 horses “‘Potatoes, or in hot weather, mules are superior 
of tli ri totelligence of the mule, wliich is almost equal to 
an advanta ° ^ vastly greater than that of the horse, is 
and in ploifV" instances, such as work in pack-trains 

ttqiured a disadvantage where an automaton is 

donW ^™^0''0d mostly from biggish mares and very 
^ cy stallions. The reverse cross, wliich is made where 
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donkeys are very plentiful and cheap, is mostly bred from 
stallions, and such animals arc mostly lighter and smaller, 
mating of a Belgian or Perchcron stallion to I^c Andalusian 
jennets, however, produces typical mules just like the ordinary 
cross, as I have been able to observe personally. The difference 
between mules and hinnies is certainly not due to mpterious 
influences of the mother on the foal, as in some other instances 
of difference between reciprocal hybrids. ^ ^ 

Mule breeding is cspedally indicated in places where biggish 
mares of doubtful value arc plentiful. It is astonishing to sm the 
enormous variety between the marcs and the uniformity m 
the mule foals, at any of the larger markets where mule foals 
are bought and sold. The marcs differ as much as horses can 
possibly differ; the mules look as if they had been turned out 
by machinery. 

For some reason white and grey mules are very unpopular in 
some countries, ^Vhite or grey marcs should not be used for 
mule breecUng. The actual mating of the marcs to the jack is a 
problem in itself. Donkey stallions are slow breeden. In French 
mule breeding districts people believe that the donkey stallion 
should never be allowed to mate with donkey mares, if he is to 
be used for mule breeding. All sorts of tricks are resorted to to 
get the jack to serve a marc, from trying to make him jealous 
up to what is called “Ic lalandagc” in France. Anyone who has 
ever witnessed the ridiculous spectacle of a circle of stable-men 
joining hands and singing their aphrodisiacal “la-la-la’* chorus 
arotuid the hesitating stallion will be convinced with me that 
artifidal insenunation, which will allow the donkey stallion to 
mate with lus own jennets, will soon be appreciated by mule 
producers. 

Superior jack stock is found in France (Poitou), in Andalusia 
and in the Pyrenees. The right combination of two breeds is the 
main thing. Mule breeding should be combined with horse 
breeding, as it allows of the second-rate mares being profitably 
employed for the production of mules. Where it is necessary to 
produce the jack stock locally (and this is a very pa^dng breeding 
industryl) jacks should be selected according to the sort of mules 
they produce, and in no other way. It is very unsafe to rely upon 
their size or upon the thickness of their legs as marks of quahty. 

Mul«, at least some of the mares, are occasionally fertile; 
many uistanccs have been described. The foals produced fimn 
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Ue3 in mule breeding. This is treated of specially above. 
Through occasional fertile mare mules, horse genes can be in- 
troduced into the donkey, and it is very probable that in some 
of the largest, heaviest breeds of donkeys this has been the origin 
of their superior size. ^ 

Utilizing fertile mare mules in the production of a fertile 
breed of mixed origin is a possibility that offers great pros- 
pects to enterprising animal breeders, especially in countnes 
where certain properties of the donkey, such as its surefooted- 
ness and disease-resistance, arc of very great importance 
(Africa). 

Cattle. Cattle-breeding problems have been discussed all 
through this book; in cattle we see more strikingly than in any 
other animal group the great influence of the shows on animals 
that arc really only bred and kept for economic profiL 
If we include the yak and the different zebus, the group of 
domestic cattle is extremely varied, and breeds of cattle are 
adapted to the most divenc circumstances. 

Systems of selection are in vogue, even to-day, that are clearly 
based upon erroneous principles. It is high time for it to be gen- 
erally understood that only one quality is really to be sought 
for in cattle, namely, adaptation to systems of agriculture to 
produce the maximum of economic profit to the agriculturists 
who own and exploit them. 

Fictitious value of certain animals, dependent upon show suc- 
cesses, may for a relatively few breeders bring along monetary 
gain, and when as here the few men \vho make their living from 
the sale of beautiful breeding stock are heard, ^vhile the majority 
of users who want good animals do not become vocal, there 
may come about a state of things that is economically very 
undetirable. 

As cattle are highly polygamous, and ran be made much 
more so by means of artificial insemination, the breeding value 
of males is much more important in selection than that of in- 
diridu^ females. The most logical system of selection in milk 
cattle is that in which the breeding value of some bulls is 
recognized by testing the quality of their daughters, whereas 
he individual quality of the caws should be registered to make 
he recogiution of good fathers easier. Selection based upon 
upposedly correlated characters is not only in itself without 
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value, but it may become harmful when it brings about a state 
of things in which too few excellent fathers are recognized. 

Of the many bull-indexes proposed, I prefer the average 
quality of a random group of heifers, daughters of the bull, as 
being the safest guide to what we want a bull-index for: the 
probable quality of the daughters he will produce in future 
from the kind of cows on hand. 

In countries where cattle breeding is controlled, the danger 
exists that herd-book or show standards are applied in judging 
male breeding stock, and that, instead of trying to breed cattle 
adapted to different economic circumstances, users are almost 
forced to breed the sort of cattle the judges approve. 

By means of progeny-tests of bulls and artificial insemination, 
it would be perfectly feasible to prohibit the use of bulls from 
untested fathers, or from fathers that had been proved of doubt- 
ful value. In making such regulations however, every step 
should be taken to ensure that economic usefulness and not 
show-quality is taken as the basis for the progeny-tests. 

The authorities should have more respect for breeds of doubt- 
ful beauty but excellent fitness to unfavourable conditions. We 
want cattle that the farmers find profitable, not necessarily 
cattle that produce a very great quantity of milk individually. 
Economic food consumption, the ability to utilize the locally 
available food economically, should be regarded as essential. 

Bull-testing based only upon the quantity and quality of milk 
produced by a bull’s daughters might lead us just as far astray 
as selecting for show characters. When we want economic pro- 
duction of sugar or milk, we are more likely to get it if we select 
for sugar per acre or milk per acre than if we select for sugar 
per beet or milk per cow. The advocates of modem systems of 
bull-testing are underrating this danger, probably because (as 
Goodale and Prentice at Mount Hope) they only know cattle 
in conditions of agriculture where very large cows can be 
profitably kept, even if the cost of food is high. 

In selection it is al'vaj's dangerous to think that we can neglect 
a possible source of danger, because wc can deal tvithit lateron. 
This was the great fault of the s)'stcm of selection for app.arent 
"constitution” in milk cattle, and when we once recognize such 
faults wc should always avoid them. 

The importance of raising first-generation hybrids for direct 
use, espedally for beef, has never been suifidently investigated. 
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Experiments in cross-breeding to find the most profitable com- 
binations of breeds or species (yak and zebus should be in- 
cluded) arc beyond the scope of tlic work of individual breeden. 
Such experiments should be done by combinations of persom, 
cither by firms interested in beef production (packers) or by 
Governments. 

The quality of isolated non-sclccted local breeds, such as the 
Dutch Belted and the Gloucester, should be investigated, as 
some of these breeds arc probably excellent for certain con- 
ditions when food consumption and milk production arc both 
considered. 

The study of real constitution, the ability to keep up heavy 
production for a very long time, should be taken up, noUvith- 
standing the fact that up to the present selection for “constitu- 
tion** has been mainly based upon error. 

The Santa Gcrtrudls for Queensland. Being very interested 
in the birth of new breeds of sheep and cattle from crossbred 
origin, I have followed the history of the Santa Gertrudis breed 
for several decades. 

To make a really new breed of cattle from crossbred stock is 
an enormous undertaking, when we arc not content wlh having 
just another more or less purc-breeding group, that looks differ- 
ent, but when the aim is to make a breed that shall exactly fit 
local conditions of animal husbandry, local cUfnate and grazing 
conditions, and that will stand up to parasites and periodic hard 
conditions, to snow, excessive sunshine, fires or drought. To do 
this work well we need plenty of animals, very good methods of 
registration, efficient fencing and an open eye for faults as ^vcll 
as for merits. It cannot be hurried, the number of generations 
required depends on the effiricncy of the methods used and to 
some extent on mere good luck. 

The Kleberg family corporation have had good luck and 
perseverance. A mating between a large mongrel Shorthorn- 
Brahmin bull and a cow of preponderantly Shorthorn ancestry 
^ve an excellent red bull, “Monkey”, who happened to be 
homozygous for very many things, and the best families all 
trace back to this individu^ bull “Monkey**. A rare stroke of 
good luck. 

The breed has been produced on the enormous Texas range 
property, to fit range conditions. In common with the Jersey, 
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the Alriliaander, and some Mediterranean and Zebu breeds, 
they can (and do) graze in the hot sun. They are rustlers, 
very resistant to Texan range conditions and Texan “bugs”. 
It is quite possible they %vill fit into the semi-desert ranging 
conditions of tropical Queensland notv they are being tried out 
there, and stand up to dingoes, bush-ticks, bushfires, crocodiles, 
infected muddy waterholes and drought, just as well as to range 
conditions in their native Texas brush. 

It will be very interesting to watch. The only point a genet- 
icist must make is that before Queensland-bom calves have 
grotvn up under Queensland conditions, we cannot know this 
positively. We all hope they will, of course. The first Santa 
Gertrudis bulls auctioned must have brought stiff prices, and 
this is a partial compensation for the Kleberg venture and 
initiative. But even stiff prices paid are no certain indication of 
real merit of course. Right in Queensland I saw a real picture 
of a Hereford bull win a championship and being bought to 
improve range cattle, a bull who had been raised on a succession 
of Jersey nurse cows plus eggs, and who probably could not 
distinguish between alfalfa and saltbush, never having seen 
either plant grow! 

The important point for meat-hungry England is to get 
plenty of beef from somewhere. In the Queensland semi-desert, 
outback country, where farms are measured in square miles, 
the Santa Gertrudis may well fit excellently, and keep up its 
calving percentage, and on the packing station hooks, grade as 
well as in Texas. The country is now swarming with all sorts of 
Zebu hybrids in this land without fences. Such hybrids are 
notoriously tricky and quicker than any horse foaled in Australia, 
and even a fetv hundred “Mickeys” may play ducks and drakes 
with any well-laid breeding plan. A major problem tvill be to 
stop bulls going through the fences and to catch all non- 
pedigree bullcaivcs before they arc breeding. 

The native Australian breeds such as the Illawarra and the 
Corriedale have this in common, that they have been free to 
really adapt themselves to Australian and New Zealand con- 
ditions, and that they do not suffer the periodic infusion of 
imported British breeding stock, adapted to lush pasture, con- 
stant rainfall and the feeding of concentrates. 

It takes many generations to obtain reasonable purity. 
Isolation and in-breeding tvill do the trick, but we need large 
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numbers to make it possible to discard groups that do not stand 
up to this and to continue from the groups that do. Mr, Kleberg s 
King ranch, by having a hundred times as many animals and 
twenty times as many separate herds as the average cattle 
farmer, was able to hit upon one chance prepotent male 
like “Monkey”, and to prove him as a sire when he did 
occur. ^ ^ . 

The point was Kused in a newspaper discussion whether it 
is not a pity to relieve the British meat shortage by utilizing non- 
British material, however eflicient. I should think that it is 
not good econorrucs to refuse to use anything ready made and 
to start maling it all over again, in such long-range things as 
making a novel breed of cattle for a special purpose, especially 
if one would like to see results not a century from now, but m 
as short a term as possible. 

Let us hope this Texas breed vnl\ happen to fit as well in the 
Queensland cattle bush as the Dutch Friesian fits in England, 
die Spanish Merino in the Australian desert, the Bessarabian 
Karaiail in south-west Africa and similar cases of ^vhat I ^s’ould 
call pre-adaptation. 

If a word of warning is needed it can be given in the form of 
a platitude : “ the proof of the pudding is in the eating”. To 
relieve the meat shortage of the world by utilizing hot deserts, 
the Santa Gertrudis may be a good solution. So for that matter 
may be the Afrikaander, the Pinzgaue or some Mediterranean 
breed. What is needed here arc cautious and fair large-scale 
trials, rather than a “boom” in a breed, however promising. 

Swine. Among the larger agricultural animals swine stand out 
because of their great fertility and early maturity. This should 
make the breeding of s'winc much easier and progress more 
rapid than in cattle or horses. 

The great fertihty of svrinc must also be one of the reasons 
why regular progeny-testing as a method of practical value has 
been used with swine earlier than with the other farm animals. 

Progeny-testing in swne was first used in Denmark. The 
method med consists of sending representative groups of piglets 
to fattening stations, where the young animaU are raised and 

aughtwed. In thwe stations great importance is attached to a 
favourable proportion between the araoimt of food ingested and 
c gam made. The young animals are judged again after being 
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killed, as in selecting swine the quality of the offspring is of 
pnme importance. 

The Da^h system has been adopted in some other countries, 
and sometimes changes have been made in it. Two very import- 
ant points should always be kept in mind. In the first place the 
group of offspring tested should constitute a fair random sample 
of the parents’ children; and in the second place special pre- 
cautions must be taken to find animals that give aberrant young. 

When a boar gets good pigs, but in addition also a number of 
wasters, one may easily obtain a wholly wrong idea of Iiis pre- 
potency and value as a sire, if we allow the breeders to send six 
groups of four pigs each from among his progeny to the testing- 
stations. A boar that is heterozygous for very important genes 
will probably sire a certain number of aberrant pigs. If we 
allow the breeders to kill off those piglets, and send four pigs 
out of each litter to the tests, this gives us a wholly wrong 
picture of the value of the sire. Pig breeders are so used to 
&ding one or two worthless piglets in a large litter, that they 
fail to recognize that a good system of progeny-testing would 
soon do a^vay with this loss. 

An excellent test of a boar’s purity and breeding value is to 
mate lum with a number of his own daughters and note the 
result. 


of 

correlative qualities, and of discontinuing this last kind of 
selection when we decide to use the progeny-test as a basis. 

It is important that a large proportion of the breeding boars 
shall be tested as sires, not just a few of the finest-looking ones. 
The fact that the standard of points changes rapidly in the same 
breed of swine sho^vs that the judges have no clear picture of 
what external qualities give a good promise of breeding value. 

In many countries are kept breeds of swine that differ very 
little in average butchering value. S\vine breeders should real- 
ize, however, that similarity in quality gives no guarantee of 
genetic identity. Hybrids between t%vo such breeds are likely 
to be very impure, heterozygous for a great many genes, and 
such hybrids, no matter what their personal quality may be, 
should never be indiscriminately introduced as breeders among 
one of the pure breeds. If it is desirable to resort to a cross 
between breeds, the hybrids should be mated back and back to 


In the chapter on progeny-testing is discussed tlie importance 
choosing between progeny-testins: and selection for fancied 
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the breed we want to improve, six or seven times, before we 
declare the back-crossed progeny to be worth taking up into the 
breed. 

In many instances \vith swine, first-generation cross-breds 
have excellent qualities. In Denmark a great proportion of the 
pigs produced are bred from Large White crossed wth the 
Danish Landrace. This is a very good system, as long as breeders 
recognize that the hybrids must not be used for breeding. The 
theoretical explanation of tlie good quality of first-generation 
hybrids is given in a special Chapter. 

Swine breeders should realize that it is quite possible for wld 
spedes of swnc to carry inherited factors that might conceiv- 
ably be of great value if introduced into our present breeds, 
even if the combination of all the genes in such wild species may 
not give us very good animals from an economic standpoint. 
I have already referred to the disease-resistance due to a 
cross with the European wild boar. Experiment stations should 
test out this and other species of swine by testing the quality of 
animals derived from back-crosses of hybrids back to domestic 
breeds. 


Sheep. Sheep are kept in the most diverse dimates and circum- 
stances, and local breeds are always adapted to these dreum- 
stances — ^very small sheep in the desert, large, quickly-maturing 
breeds in places with very good pasture. The average fertility of 
a breed of sheep must ako be adapted to its surroundings, 
the sheep producing most lambs bdng found in very fertile 
country. 


When conditions of agriculture change, it may be necessary 
and profitable to change over to a different breed of sheep, and 
^s can be done by grading over. Where much cross-breeding 
has resulted in a very mixed population, selection supplemented 
with test-mating will make a homogeneous breed of it. 

On the island of Tcxel in Holland the local sheep were small, 
wth a short pointed tail. Rams of different breeds, Lincoln, 
Wensleydale and others were imported, and an export trade in 
early lambs sprang up. When I first risked the island in igio 
^ presented a very heterogeneous aspect, 

cy eciauy before the lambs were weeded out. I advised stopping 
me importaUon of different rams and making one breed of the 
best ammak present, using progeny-testing of males as an aid 
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to sdection. It was surprising to notice how soon a semblance of 
umformty was arrived at. At present this is the best breed of 
Meep in Holland, and the Texel sheep is as pure as most old 
English breeds. 

In sheep the practice of crossing different breeds is more 
prevalent than in any other domestic animal. Sometimes the 
cross-breeding produces excellent fertile ewes, good milkers, and 
these are used to produce Iambs from yet another breed. The 
CTOss-bred ewes are often a very uniform lot, but as they are 
heterozygous for many genes, their offspring is always more or 
less variable, which is sometimes not very important when the 
average quality is good. 

Sheep differ enormously in inborn resistance to disease. Be- 
ore trying to “improve** a local breed or change it over into a 
more valuable one, it is always well to discover whether this 
new breed really can thrive under those local conditions, and 
to do tl^ the new breed must be tried in its pure form. 

^st in sheep hybrids wiU breed true to type is a 
f^le. Wherever hybrid sheep are bred from, a very great vari- 
ability results. We can mask a great deal of this variability by 
weeding out about half of the Iambs, and to see the real picture 
It IS necessary for the investigator to inspect the flocks before 
this is done. 

Fertility in sheep is greatly influenced by environment. When 
small sheep from semi-arid climates are brought to good pas- 
tures or fed ^vell, they are sometimes amazingly fertile. A small 
^oup of black-headed dwarf Abj^inian sheep at the London 
^oo used to Iamb do^vn twice a year regularly and produce very 
large litters of lambs, so that the group multiplied like rabbits- 
It is probable that this innate tendency to great fertility made 
It possible for the sheep to breed at all in their natural habitat. 

The Dog, Most breeders of dogs breed show dogs. In many 
respects the breeding of dogs for the shows differs fundamentally 
Irom the breeding of dogs for practical use. The breeders of 
hunting-dogs must try to work in such a way that few aberrant 
dogs arc produced, as the real quality of their dogs is not appar- 
groivn up. The same is true of the breeder of 
sheep-dogs, and of other dogs that are valued because of tlicir 
intelligence. 

The breeder of show dogs is not bound to work in such a uay 
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f==ESSS 

a matteTof fashion, in fact the change of show 
place in a way exactly comparable to the changing 

“Ittlt ’ntSary that all dogs produced shall be good; 
much more important that one or two 
shall occasionaUy be produced. In fact, . p 

of the fancy make it impossible to produce a pine s^n P 
One of tlie most curious instances is that of the breeding o 
toy dogs, like the Yorkshire terrier. In those breeds so™' 
miniature males, good enough for shoinng, are “I™*' , ' 

The miniature bitches are too small. For this reason the brert 
mates the small males with largish females, that have been 
from miniature fathers. Such matings produce lar^b and OT • 
iature, both males and females. Of these pups, the numa 
pups are the ones from among which the breeder selects 
show specimens. The largish bitches, when *cy have excellen 
coats and other points, can be used for breeding, and the largis 
dogs arc not used. _ , 

The same state of things was found in the Toy Pinchcr, w cn 
very small individuals were the fashion. The shows call or 
somewhat less extremely small dogs now in this breed, but o 
course miiuaturc pups (small bwng recessive) arc still being 


produced. 

Dog breeders arc continually resorting to cross-breeding 
order to improve ccitmn points in their dogs that happen to 
have the spcdal attention of the judges at the time. Almost im- 
mediately after our Dutch Keeshond was imported into Eng- 
and, breeders crossed it with Chows and with Elkhounds, to 
produce some variability that would permit further improve* 
ment by selection. Dog breeders made the Airedale temer 
larger by the use of Gordon Setters, and recently they seem to 
have worked in some other cross, which has resulted in so m^V 
of the recent prizewinners showing a sort of ridiculous mincing 
Hackney leg-movement. 
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There is one special instance in which cross-breeding could 
be profitably used, namely, the breeding of erect ears into those 
dogs that used to be shown svith cropped ears, notably in the 
great Dane, the Boxer and the Schnauzer. It would be quite 
feasible to produce erect ears in such breeds in about three to 
five generations. To this end a dog of such a breed should be 
mated with a specimen of a breed with standing ears. It is not 
really important that this should be a closely-related breed. I 
would expect the mongrel puppies to have standing ears, or 
tipped ones. The next step would be to cross one of the mongrels 
back to our breed. This would give pups of which only one-half 
would have erect ears. One of these should be re-mated with the 
breed to be changed, and this process should be repeated. The 
only thing necessary is to take care that in every generation only 
an animal with standing ears is chosen. Contrary to expectation, 
thh would not result in a smaller and smaller proportion of pups 
TOth pricked ears. With every generation the dogs would become 
more like the original breed, and in about five back-crosses the 
animals would probably be enough like good specimens of the 
breed to begin breeding them together to get the real stiff- 
standing ears of the homozygotes. 

1 can heartily recommend this process to any good breeder 
^th sufficient perseverance to keep at it until complete success 
is reached. It would of course be advisable for a breeder to work 
in co-operation with a geneticist. I think it would be easier to 
do the work quicker in some breeds than in others; I would 
not be surprised if it could be done in three to four years ivith 
the Schnauzer. 

Although at first sight it would appear as if the show breeder 
could safely let the mentality of the dogs take care of itself, be- 
cause winning at the shows is a matter of producing the fashion- 
able dog and not the intelligent or the good-tempered one, this 
IS not wholly true. 

^Vhcn the Collie breeders crossed "with Borzoi to mate the 
skull long and narrow, they ^vo^ked exclusively for tlic shows 
neglected to weed out the treacherous or stupid dogs, 
result has been a very great success as far as the show is 
concerned, but at the same time the breed has lost caste as a 
popular house-dog, and for this reason it had to mate room for 
^cer dogs. After aU, even a show dog must float on the support 
^ great many enthusiastic o\vncrs of house-dogs give to the 
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breed, and these people look for an intelligent, good-tempere 

and alert dog. ..nrtprjtand. dog breedeis 

seemmTeVp'Sy s^b^t to f 

about inhentance. I rcmembc ^ it was practically 

shape from the mother, or vtee versa. It rf 

bitdi, when bred to wo males may give 
wUch some pups are produerf froin spi^ ° ^ Jrcum- 

the others from the sperm of the other. ttt ^ ™ 

the pure-bred and mongrel pups in one htter 

influence each other. ~aVe-uD 

Size of the pups is influenced more by the genetic P 

of the pups than by the size of the mother. I found in 
litter the pups that arc heaviest at birth generally rein 
largest, and vice vena. I once tried to make a 1^'®^. ° . 

hire Dachshunds by hybridizing a g-lb. Toy Totct to 
D achshund bitch. In this case small size happened to be doim 
nant, so that the pups remained very small. This ivas c^em y 
unlucky, for when I bred the hybrids inter sc to produce me 
desired re-combination of facton, both bitches died at the 
of the birth of their second htten when an extra large pup couiu 

not be bom. , r r«p 

Most novel breeds are simply imported. It ^vould, of coup » 
be possible to produce wholly ne^v breeds by cross-breeding. 
In some instances extremely beautiful and attractive dogs <^n 
be produced as first-generation hybrids between two old br^ds. 
If I happened to five in England, the dog breeder’s paradip> 
I would once more cross the Chow with a red or sable Collie, 
and invent some good name for the hybrids. I am sure that ii 
were to describe those strikingly beautiful hybrids, wi A very 
long hjur standing out, and wth an affectionate disposition, as 
“Mesopotamian” or “Patagonian” dogs, they would produce a 
sensationl 

The dog can be crossed vrith several different >vild specie^ 
Hybrids bet%veen wolf and dog, jackal and dog, and fox and 
dog, have been bred, and all the hybrids are fertile. One of niy 
fiiends in Holland has recently bred tVk'o htters of very useful 
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wolf-dog hybrids. Not^vithstanding the recent campaign to 
hush up the introduction of wolf genes into the German sheep- 
dog, -which was started by the fear that the idea -vvould give the 
breed a bad name, it can easily be proved that just about the 
time the German sheepdog was being used as a police dog, 
hybrids ^vith wolves ^vere produced and utilized. It is probable 
that some of the excellent qualities of the breed, its unquestion- 
ing obedience, its exemplary mastery of self, are due to the 
cross. I have had a pet wolf for some time, and I know that in 
many respects a well-trained wolf is superior to almost any dog. 

In certain quarters there is some doubt about the dog-fox 
cross. The two instances I know of, however, seem to be very 
trustworthy. It would be very interesting if someone tried again 
to obtain such hybrids. It may be useful to record that in both 
instances mentioned, the cross was made between a vixen and a 
male dog, and, strange to say, both in the German case and the 
French one, the mating took place in August! 

The cross would be of great value to fox breeders, as the dog 
has several qualities that it would be extremely useful to have 
m foxes, namely, its tameness, fertility, and disease-resistance. 

Dogs to Lead the Blind. The ordinary methods of selection 
are not well suited to the case of dogs destined for leading the 
blind, for, both in bitches and in dogs, breeding interferes with 
the work the animals are doing. It ^vould be like putting a 
blind personas eyes out to immobilize him at the bedside of a 
hitch with a litter. And breeding fix>m close relatives of the very 
best dogs is certainly not the best way out of the difficulty. 

The point is, that even in the purest of available breeds, too 
many dogs are bom that are useless because they are lacking in 
genes for which their parents happen to be heterozygous. This 
IS true in visible traits, but it is certainly also true in respect to 
the subtle psychological qualities that make a dog suitable for 
such work as herding, and perhaps even more so fbr the very 
special work of leading a blind person. 

If we could find one breed ready-made for the purpose, this 
would be ideal. But too many dogs of a suitable age that arc 
given or sold to the training centres have to be returned to the 
ynnn or woman who raised them. This is a double tragedy, it 
^ a 'V'astc of effort and money spent on training the animals and 

*im afraid many of the dogs rejected find tlicir ^vay to some 
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laboratory, a purpose for tvhich the otvner surely did not intend 

have a continuous supply of trainable pups. no matter 
whether these are specially bred for the purpose ^ 
in or obtained by donations, without the prment appdhng per 
centage of rejects (40 to 50 per cent) *ere 
methods. One would be to breed a strain of dogs of pcmt purity, 
and the other would be to utilize fiist-generation hybnds. Idee so 
many breedere of other animaU do, breeders of lambs, chickcm 
or beef cattle.The second way is certainly much more promismg. 

To have a continuous supply of trainable pups, findmg tt 


verv Eood but different breeds that “mck together is me 

• .. - <• tirv.a. At... e*«TTiVnrmtlOIl 


method that seems the very safest. \Vhat the ideal combmatio 
of two breeds will turn out to be is in the lap of the gods. 11 1 
hazard a guess it would appear that the Border Collie voMSt be 
one, and some quite different breed, also bred for tisc and no 
spoilt by sho\vmg, must be found that vnW “nick”. 

I was very lucl^ to obtain for Holland some very excellent 
Border CoUie pups of sheepdog trial fame from Miss Cumc in 
the Isle of Arran. It is the intention to try combinations vnth 
other breeds, and the Boxer or Retriever seem indicated. The 
only pup of the original Utter of Collies tried, turned out to be 
a first-class Guide Dog. 

Brom the original cross between an Alsatian and a woff, o^ 
enthusiastic breeder (see Fig. 27) is trying to breed an inbred 
strain of dogs to lead the blind; he has certainly furnished a 
good many blind persons vdth very good dogs. But of course it 
will take a good many generations for this group of animals to 
breed true to type. 

In conclusion, I might add that the first-generation hybrids 
I am considering, between two strains that “nick”, must be 
tndnable by the sort of trainers we are likely to find available 
to-day. Some dogs, like the Alsatian, stand some rough treat- 
ment that would immediately spoil a sensitive dog like the 
Border Collie. 

It does not matter at all if a trained Guide Dog is personally 
heterozygous for the many genes that combine to give him or 
her the very good psychological qualities we want, the dogs are 
meant to be used, not to be bred from. ^Vhen I saw Captain 
XiiakhofTs work at the Deamington Spa training centre, some of 
the most promismg dogs in training were hybrids. 
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Personally I am convinced that the height of the dogs of one 
of the two breeds to be kept apart and combined is very un- 
important. The Kecshond makes an excellent Guide Dog, and 
so, undoubtedly, would most Gorgies. 

The Cat Cat breeders are interested only in showing; there is 
no interest whatever in breeding cats for any useful puipose. 
The oft-repeated story that important farms of black cats exist 
in Holland is a fable which depends upon the circumstance that 
Holland really is an important collecting-centre for cats, moles, 
and fitch skins. The black cat-fur Holland produces is collected 
by thieves, poachers and game-wardens, who make a specialty 
of killing other people’s cats for the sake of a few pennies, just 
as is done elsewhere. 

Very few breeds of cats are bred for the shows in Western 
Europe and America. The genetics of the colours in Persians 
and short-hair cats is now well understood. From a genetic 
standpoint the inheritance of tortoiseshell is very remarkable, 
because hardly any fertile males of this colotu' are produced. 
So far, Siamese are recogiuzed at the shows in two colours only, 
although new colours could of course be easily produced by 
cross-breeding. 

In breeding Siamese it might be worth while to bring in one 
or two genes to protect the animals against infections to which 
they are now extremely susceptible. Hybrid Siamese are not 
particularly delicate. 

Very rarely new breeds arc introduced and shown, and some 
of the so-called introduced breeds arc of doubtful origin. I sus- 
pect the Blue Russians to be produced from cross-breeding with 
Siamese; the circumstance that blue-pointed Siamese turned 
up in England at about the same time as Russians seems 
significant. 

The nearly unmarked Abyssinians could be turned to account 
to produce beautiful Chinchillas if anyone had the ambition to 
do this, and by the aid of the Abyssinian a really unmarked 
orange Persian could be constructed * Manx cats somehow nCTer 
became very popular. Many promising breeds or single char- 
acters might be imported into countries where cat shows are 
kept. I have never yet seen at tlic shows a cat with drop-ears, 

• Dunns *= Kcond -world war Profosor Haldane bred a few lobd oranse 
*nalc» according to ihu “reape”, 

Y 
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such as can be met in Cluna, or one svith the 

“Rex” fur, such as one someumes sees in Java. A rat ot inu 

description was described from America in the Joumu/ cj 

^effbreeders are very apt to use out-crosses, probably un- 
necessarily so, as in-breeding in this group is probably just M 
necessary to produce animals of great size as in othra strat 
Especially where one exceptionally good animal is found, brrao- 
ing back this specimen ivith its daughter and granddaughter 
(or son and grandson, in the case of a queen) should be resorted 
to to try to duplieate the excellent specimen. 

Several wild species of cats exist that could be trirf m species 
crosses irith domestic cats. This work is very promising ^ 
show breeder’s standpoint, for not only would it be possible^ o 
combine the larger or much smaller size of diircrcnt 
wth the colours of domestic cats, but it is extremely probable 
that many wholly novel characters would turn up in the second 
generation from fertile hybrids. 


The Rabbit. The great majority of rabbit breeders arc breeders 
for show. Rabbit pelts must be considered as a by-product ^ 
the rabbit-fancy. In several of the preceding chapters the pro^ 
Icms that confront the show-breeder arc rather extensively 
diseased. 

In the breeding of rabbits inherited quality counts for very 
much, and preparation of animals for the shows is reduced to 
the very imiumvira. Show animals must be trained, especially 
in such breeds as the Belgian hare, and they must be shoAvn in 
good coat condition, but for the rest the best animal really wins. 

There is one quality in rabbits, however, ^vhich is greatly 
influenced by environmental conditions, and tliis is size. In the 
giant breeds, such as the Belgian, it pays to give the baby 
rabbits a good start, and for this reason foster-mothers arc 
indicated, two babies to the mother. In the dwarf breeds, the 
reverse is true. It docs not do to starve the animals, but as 
especially the Polish does arc very little fertile and tend to 
produce very small litters, it is a good scheme to give them a 
few other young rabbits to nuise in addition to their own. 

In rabbits more than in any other animal I know, excepting 
fur animals, the breeding of many breeds tends to run to 
*‘booms”. When the enthusiastic breeders of a newly-imported 
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or newly-made breed succeed in making other people believe 
tliatthis breed is especially valuable, prices of breeding stock tend 
to soar. New people buy expensive breeding stock tvitli the inten- 
tion of selling their otvn young rabbits at a slightly lower price, 
and this goes on until the breed is spread aU over the country 
and no demand is left to take up the over-production of young 
breeding stoek. One who has witnessed several Belgian Hare 
“booms” in America, an Angora “craze” succeeded by a 
“Chinchilla boom” becomes very sceptical whenever the merits 
of a new breed are lauded. If maldng other people believe in the 
enormous value of expensive breeding stock is the only way to 
make money in breeding rabbits, this is a very poor sort of 
business indeed! 

It is extremely problematical whether the keeping of rabbits 
for meat, for fur, or for wool, ever pays. When the price of 
rabbit-wool is high, the production of wool is perhaps profitable, 
but a small fluctuation in the price of wool is sufficient to make 
the profit disappear. 

The breeding of very fine show rabbits is an excellent hobby, 
and clever breeders make it pay by studying the way the 
fashion changes, when it tends to do so, which is more seldom 
in rabbits than with other similar livestock. 

Rabbits can be cross-bred with hares. The resulting hybrids, 
“leporids”, are always similar, just as mules show a very great 
resemblance, no matter what the quality of the mare has been. 
Leporids look like coarse grey rabbits with fleshy ears — there is 
nothing hare-like about them. This fact has made very many 
people disbelieve in the fact that tiiey can be produced; they 
think the breeders must be mistaken, and that the rabbit wliich 
was thought to be mated to the hare was previously mated to a 
rabbit. 

I can vouch for the truth of tlic existence of leporids; I have 
orvned several, and I have carefully compared many litters. 
The former director of the Rotterdam Zoological Gardens, 
Dr. Kuiper, bred a litter of hybrids from a male hare and a 
female Angora rabbit. I bought a lop-eared female rabbit once, 
after she rvas seen to mate with a wild hare, and I owned^ the 
hybrids. Later I knew a man who had a pet doe hare in a 
hutch; it was mated to rabbit males three times in succession, 
and produced a litter of hybrids every time. One of tlicsc times 
I saw tire doc hare when she rvas heavy in young, and again 
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*ree days later, when she had produced her three hybrid 
babies, that were fully-furred and bom mth open ^es after a 
period of gestation of more than five weeks. T^f^^e young 
rabbits were kept by me for several years, and hke all the othe 
leporids seen by me they were perfectly fertile. 

I cannot account for the failure of some of my coUea^es to 
produce leporids. The best way to do it agaiii is to use a fema e 
hare, as ihh ob^^ates the possibility of a mistake. , 

hare produces something wWch looks like a coarse rabbit w 
yellowish eyes, it is impossible to believe these young are from 
an accidental mating. 

Curiously enough, all the leporids I have ever handled were 
easily tameable. Hybrids between tame and wild rabbits, iww- 
ever, are quite wild. The first leponds reported ^verc bred m 
Trance by Perier after very many unsuccessful attenipts. 
cross was made at a time when hardly any domestic rabbiK 
cidstcd, and the animals crossed were wild hares and wild 
rabbits. His description of the hybrids fits mine. There is 
reason to believe that these first leporids have helped to produce 


tame rabbits of the larger breeds in France. 

Bancroft in Berkeley (California) bred leporids between a 
tame rabbit and the Californian jackrabbit, a large hare. I do 
not know whether those hybrids were tested for fertihty. 

If leporids can be successfully mated back to hares, as 
to rabbits and inter se, it might be possible to produce a breed 
of animals which, for all practical purposes, would be a hare 
that could be produced in rabbit-hutches. The Belgian hare is 
a breed of rabbits, but the possibility is not excluded that the 
hare contributed to its genotype, \^hlcn bred to one of these 
Belgian hares, one of our Icporid docs gave as many reddish as 
grey young, but there was nothing hare-like about them. 

1 have tried mating domestic rabbits with the nuniaturc Cah- 
fomian bnish-rabbits, but wthout success: the cannibalistic 
tendency in this wild species has made such matings impossible. 
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help of the specialist geneticist to help them solve their prob- 
lems. This is one of the reasons tvhy I have co-operated more 
often tvith poultry breeders than svith breeders of any other 
kind of livestock, barring sheep. 

Most of the larger chapters in this book contain references to 
poultry and poultry breeding, both the breeding of show birds 
and utility stock. It is not therefore here necessary to do more 
than elaborate some of the points treated of^ where this is 
absolutely necessary. 

In the breeding of egg-laying breeds, the only system of selec- 
tion that has been proved to be successful is that of selection in 
the male line according to the average quality of the daughters 
of the males. In other chapters I have given the genetic reasons 
for the adoption of this method, which I have taught to several 
breeders of fowls and ducks, so tljat it will be sufficient merely 
to pve tlie bare method. 

A number of males of good parentage are mated, each to a 
number of females, and the eggs from those matings arc all 
hatched at one time. The chicks when hatched are wing-marked 
or toe-punched, so that it tvill be possible to find whicli male 
was the father of each chick. Chicks of different mothers in one 
pen arc not kept separately. 

When the pullets grow up they arc housed in groups, cacli 
composed of the daughters of one father. Males arc kept from 
all the different sires. The quality of each group of daughters is 
fully tested. The eggs arc regularly counted and weighed, the 
mortality in each group is noted, the food consumption is regu- 
larly checked, so that at the end of tire season it is possible to 
know which group of birds has given tlie greatest amount of 
profit. This group is chosen as the breeding stock for the next 
generation. When culling is unavoidable, because some pullets 
arc ill or deformed, or obvious non-producers, tlie records of 
tlicsc culls arc not rejected, but thej’ help to lower the average 
quality of the group in whicli the culls arc found. Tliis is neces- 
sary to find out whether selection really has tlic desired effect. 

Next season the selected group of young birds is mated up, 
half-brothers uath half-sisters, so that each male is again mated 
to an average group offcmalcs. Tliis process is repeated in cv^* 
subsequent generation. Tills programme entails some mild in- 
breeding, and for this reason it is ncccssaty tliat in es'cry genera- 
tion only the very best group is chosen, and that no points of 
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value arc left out of comideiation. If in any 

the groups are good enough in the opinion of the breeder, tte 

malS^fLe group are mated to the females of another, choosing 

the two best groups. . j.,,;i, have 

In practice it is found that m every speaal case deti^ have 
to be arranged to suit it. This is a matter of dmnmion bem«n 
the breeder and the consulting geneticist who should have som 


experience in diese matters. ^ ^ 

The fact that in different respects certam combinations 
breeds give hybrids that arc superior in practical value to me 
pure breeds crossed, makes it probable that it would be possiDie 
to produce new breeds of poultry that would be supenor to the 
ones we now have. In our existing breeds all we can hope to 
attain is the best possible combination of the genes praent m 
the breed, and the question may be asked whether this is really 
the very best that can be done. 

In the breeding of plants it often happens that progress is 
possible up to a ccrtrdn point, after which new sources of valt^ 
able genes must be sought. In poultry breeding it 
ably be possible deliberately to make one or ttvo ne^v brew ^ 
sdecdon in a very variable population of birds produced by 
bree^ng hybrids bet\\ een tivo different breeds inUr se. From 
experience in this sort of work I know that such an undertaki^ 
should never be on a small scale; the \'ariability produced ^ 
crossing even two related breeds is so enormous that one easily 
misses the very best individuab if his group is insufladently large 
at the start. 

In England it would certainly pay to produce a good, qmck" 
maturing, white-skinned table-fowl, something on the lines of 
the cxcdlent hybrids between North Holland Blues and Cornish 
Game, with sufficient fertility. 

Breeders of cxlubition jjoultry on the look-out for novelties 
should try out the possibilities of cross-breeding with the wild 
Callus Jiircatus. Hybrids between males of ilib species and 
domestic hens are regularly produced on some of the islands 
around Java by a system of tricking the monogamous males into 
tre a d in g a pegged-down hen. It could easily be done by means 
of artifidal insemination. The hybrids, called *‘bckisar” m 
Malay, arc very popular in the East, because of the way they 
crow. Such hjbnds, ssluch arc monogamous their father, 
are fertile, and from such males and domestic hens some of the 
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most surprisingly coloured poultry are produced, mostly by 
Chinese fanciers. I have seen a bluish male with a vivid gloss 
that can only be described as pink, and some animals ivith 
green and yellow in the comb, and with the medium wattle of 
G.furcatus. 

African Game Farms. Some of the rarer African big-game 
animals, such as the Eland, an enormous antelope, the Gemsbok, 
Ae Whitetailed Gnu (Wildebees) and the lovely Springbok, are 
m real danger of dying out outside of Ae game reserves. They 
can all be bred in enclosures. The way to make really new 
domestic animals out of this material would be to cross local 
species, especially in Ae Eland, and select for high tameability 
m the following generations. 

BoA in Ae Union and in souA-west Africa, my attention was 
drawn to Ae fact that Ae ruling Aat permits Ae sale of surplus 
anunals from such private game reserves is sometimes abused by 
men shooting game for the market in large numbers, and cover- 
ing tlus nefarious practice by having a relatively small number 
of enclosed beasts in a registered “game farm”. When a man 
markets great numbers of game from a limited area his licence 
should be investigated. 



Chapter Forty 

Breeding of Special Groups of Animals-U 


T he Buffalo. Buffaloes thrive under circumstances 
in which, other cattle could not exist, but as they have vc^ 
special requirements and very spcdal drawbacks they arc on y 
utiUzed in a few countries. They need a place to wallow, an 
they are awkward to handle on the road in heavy traffic, they 
may go berserk with very httlc provocation, but at the same 
time they do produce the cheapest meat and labour and butter 
of any large domestic ammal I know, ^ 

For extremely hea\7 traction, for dragging out tree trunks 
by main strength, for producing cheap meat in marshy country, 
the buffalo is unexcelled. In countnes where the buffalo can 
posably be kept, the problem of economic milk production u 
easily solved, provided one of the special British Indian curved- 
horned milk breeds is chosen. These animals turn rushes and 
straw into nulk at an astonislung rate. 

In North Australia, where buffaloes have run svild and 
only the hides of the hunted ammals arc utilized, the possibihty 
is not excluded that in some spots grading this stock over into 
a milk-producing and more dodlc breed might pay very well 
indeed. 

The European breeds arc mostly used for work only, but keep- 
ing milking buffaloes in the same places would be worth trying- 
The largest breeds arc found in tropical countries, and differ- 
ent islands in the Kulippincs and in the JavaSeas are apt to 
have each their own local breed. In Java many albino caraboa 
arc bred, and in Celebes a holy breed of spott^ buffalo used in 
religious ceremonies is kept. 

The buffalo is an unpleasant animal with a very spotty tem- 
per, but in these days when farmers in Europe are turning W 
324 
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camels, where these can be used more profitably than horses, it 
might be worth while to investigate the economic possibilities 
of some of the better breeds of buffaloes, even in countries where 
agriculture is at a very high level. 

The Goat. Goats are generally kept for the same purposes as 
sheep, for hair and skins, for meat, for work and for milk. In 
one country milk may be of chief importance, and meat may 
come next; in other countries the milk is never utilized. 

Goats can be kept as a supply of meat cheaper than almost 
any animals, and this is especially true in densely-populated 
countries, where every scrap offood is utilized, and every square 
foot of land is cultivated. The small goats in Java that browse 
along the galangans between the rice fields, and do not hesitate 
to climb a tree to find something to eat, provide very cheap meat 
for their poor owners. The smaller the goat the better, under 
these circumstances, as I have explained at some length in 
another chapter. 

In semi-arid regions, such as in parts of New Mexico, in 
Mexico and South Africa, Angora goats are kept for the hair. 
In this instance at least it is possible to determine the merit of 
both sexes, as the males can be shorn and the fleece weighed and 
examined for kemp. To establish the Angora goat industry in a 
country full of other goats it is not necessary to import large 
herds of good Angoras; it is sufficient to import a small herd to 
provide liigh-gradc males for grading purposes. Cross-bred 
gojits have shortish hair, but after three or four matings to 
purc-bred males, the later generations begin to be good woollers. 
This process of continued breeding back to pure-bred males 
should not be considered as finished too soon, it is better to go 
on ^vith it too long than to keep too much of the impurity in the 
new herds. With this as in all similar cases of grading one breed 
mto another, it is very important that wc should have a quick 
succession of generations. For this reason it is important to 
separate the animals of the fourth generation from those of pre- 
ceding generations, so that wc do not mistake kids of the docs 
earlier generations for those \vith “a higher proportion of 
Angora blood**. It has been proposed to produce polled Angora 
goats, whicli would be quite easy (see tlic chapter on adding a 
gene) but inadvisable in countries infested by coyotes, jackals 
Of similar prcdator>* animals. 
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The work done by goats does not amount to vcry 'nu*. In 
the south of Sumatra one sees goat-carts m use for light frans- 
portation, and the same use is made of goats m other islands of 

the archipelago, „ 

In Europe the goat is essentially a milk producer. In S^vltz - 
land the villagers keep goats in the villages to provide 
with milk during the time the co\vs arc up on the Alps, i or 
purpose they need a goat that wiU produce a great amount oi 
milk when fed on excellent food, even if the lactation 
does not last very long. The Toggenburg and Saanen goats m 
these reqvurements excellently. ^ . 

It is very important always to keep in mind the purpose tor 
which we need an animal. In another chapter I discussed the 
disastrous results of a scheme to improve the small labourers 
goats by crossing with Swiss goats. If goats arc to be kept as 
cheaply as possible for milk production for the family, two thmgs 
are essential, the kids must stand being bred in their 
autumn, and the goat must keep in milk for a very long penod. 
A goat that continues to give two quarts of nulk a day for almost 
the whole year, at very little expenditure, is better than another 
one that yields more gallons of milk in the year, but gives all the 
milk in seven months. 

The goat-breeding centre at Scrooskerkein Zeeland, Holland, 
is an excellent example of the breeding of animals for economic 
production* Here males arc tested according to the production 
of daughters that will produce milk cheaply, and hired out to 
breeding centres. 


The Ferret The ferret has long been thought to be an albino 
variety of the European fitch. This is probably not true. In the 
first place the ferret is not an albino; it could be more properly 
described as a pink-eyed cream or fawn. This can be seen by 
comparing so-called white ferrets with albino rats and with 
pink-eyed cream rats. Also, even the palest cream ferrets some- 
times carry a white blaze, or a white spot on the forehead, such 
as would not be visible in true albinos. Some of the yellowest 
ferrets show a distinct pattern, similar to that of the black-cycd 
specimen, with a transverse band across the face and a distinctly 
darker belly. 

In the second place the ferret is certainly not a fitch. It differs 
from the fitch in several ways. Even the darkest ferrets have 
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whitish tmderfur, not orange-yellow. They are generally much 
more long and slender. Their disposition is different; they are 
much slower in all their movements than even the tamest of 
tamed fitches, they are not easily frightened, and do not use their 
anal glands. A curious difference which makes the ferret adapted 
to breeding in captivity is the striking swelling of the vulva in 
the females in heat. This quality makes it possible to breed 
fe^eU even when each o^vner has only one or two animals, as 
this sign of breeding condition cannot be overlooked. The ferret 
thrives on a diet of bread and milk with a very small piece of 
meat occasionally, and on this same diet a fitch (polecat) 
rapidly starves. 

It is hardly believable that anybody would ever dream of 
taming the fitch to take it rabbiting; to anyone who has ever 
kept tame fitches this sounds like going hunting with a pet 
tigcr!^ Even the tamest fitch is extremely quick and snappy ; it is 
certainly not to be trusted loose. 

It is probable that the first animal to be tamed and used for 
ferreting has been the related Siberian fitch, which differs very 
much from the European one in disposition, colour and shape. 

Never having bred these animals myself, I do not know 
whether the food requirements differ from Aosc of the black 
fitch, though this is not probable. As far as I know, no attempt 
has ever been made to hybridize the two species, but it would 
be extremely interesting to try this, to find out whether selection 
in the second and third generations would produce tame or 
ferret-coloured individuals. 

I have succeeded in inducing both the stone marten and the 
ernunc to copulate with female ferrets, but without results. It is 
probable that the so-called stoat-lcrrets, suitable for ratting, are 
simply small yoimg females, possibly of specially selected small 
strains. 

Ferrets vary enormously in every respect. I have had baby 
ferrets (in hybridized lots) that opened the eyes as early as at 
three weeks of age, instead of the usual five. The babies often 
varied much in tiic size of the tough patch of skin tliat is 

vulc^izcd’* into the spot by wliich the motlicr grasps it in 
The length of the tail is very variable in some families. 

y hybridiring ferret and European fitch beautiful first -gcncra- 
|*on hybrids arc produced, having food requirements somewhat 
strict than in the wild spcdcs, and very valuable pelts. Tlicsc 
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hybrids were less susceptible to distemper than fitches, but 

muc? worth while to select spcdal strains for tlus purpose. 

Fur Animats. The breeders of fur animals aim to 

that are at least as valuable as the pelts of 

general it is not desirable to change or improve the pelri, tn 

problems confronring this group of breeders are almost wh y 

domestication problems. ^ , ... . 

Most of the fur animals, such as they oust in nature, n 
readily reproduce in cages. The skunk is a notable exception, as 
tius animal, even if caught up as an adult, will ^ v,i 

Some of the fur animals, such as the mink and the - 

only breed when nosed in the pen from early infancy. , 
started with fitches, I bought over thirty females caught > 
and never succeed^ in having one come in hwt in the 
but cage-bom young were found to breed readily on the sam 

diet. ^ t. j* of 

There arc two ways of obtaining success in the brcc^g 
fur animals in cages: we can dthcr adapt the cages and the c 
to the animals, or we can try to change the animal so tha ^ i 
will breed readily in an cconomically-made cage on a chcapu 
diet. ^Yc arc here concerned with the latter problem. ^ ^ ^ 

With a few animals there is the possibility of utilizes 
domestic aiumal to ameliorate a wild fur-bearer. The fifeh 
readily cross with the domestic ferret, and the hybrids are fiti y 
fertile. From such hybrids I have produced a few animals tha 
were as tame as ferrets, and that did not need a more elaborate 
diet than ferrets, but that had as beautiful a pelt as the wil 
dark fitch. 

The fox has been successfully crossed with the domestic dog, 
and the hybrids arc fully fertile. Such hybrids can be matrf 
back to foxes and it seems quite possible to introduce some of the 
good points of the dog into our present breeds of silver foxes, 
know of a silver fox bitch svith a curled tail that barked like a 
dog, and almost certainly had a dog among ite ancestors.* 

The present stimns of rilver foxes have been produced by 

• The owner to Quebec told me Urn story when I >wted lus Cmn there in *9^7' 
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cross-breeding different silvers caught wild, notably black sports 
of the Alaskan and of the Eastern fox. The silver or black fox 
is a recessive compared to the wild red animal, but the two 
blacks named are different recessives. Hybrids between Alaskan 
and Eastern silver foxes are not black but so-called "cross” 
foxes that ^vill give many silvers in their descendants. I am 
convinced that the domestication of the silver fox has been due 
to a great extent to selection for fertility, adaptation to captivity, 
and to cheap food under the very variable descendants of such 
hybrids. The process has been an unconscious one, but this sort 
of work could easily be done deliberately at present. The same 
is true of the mink and the fitch. In both of these at least two 


^vild species exist, the American and European mink and the 
European and Asiatic fitch. Species-crosses would surely give 
very much variability and the possibiKty of selecting for greater 
gentleness and easier food requirements. The same thing is true 
of the ermine and of the raccoon. The idea that breeding a wild 
ammal in captivity for a number of generations would domesti- 
cate it, in the absence of cross-breeding, has been treated in the 
chapter on domestication. Fur breeders should also carefully 
read the chapter on in-breeding. 

Material success \vith fur animals comes both from improving 
quality of the fur of the animals, and from the sale of breed- 
ing stock. Some fur animals are impossible as a source of profit 
when the sale of pelts is the only thing that brings in money. 
It is quite impossible to breed raccoons in cages, keep the young 
for eighteen months, and then compete with the trappers who 
catch wild ones; but selling young raccoons, especially black 
ones, as breeding stock may pay very well. Good prices can be 
obtained for breeding stock when the breeder can make his 
customers believe that the animals arc profitable to breed for 
the pelts. In the first ten years of silver fox fanning the chief 
^et of a breeder ^vas an aptitude for smart salesmanship. The 
ndiculous ovcr-capitalisuition of fox farms could only be com- 
pensated for by "passing the buck** to beginners. 

A legitimate source of profit is the sale of breeding stock in a 
^edes that has not been bred in captivity before. By being the 
nrst man to breed fitches in captirity, I earned some money long 
®go from tlic sale of cage-bred young stock. Tlic same tiling 
could be done with martens and ermine by anyone >riih suffi- 
cicnt pene\‘crancc. 
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The roost profitable fur animals are those Monging to van- 
etiro toare not found plentifully in natur^ The ^eat value of 
the kver fox is due to this. Whether it wdl pay “ 

breed black and albino raccoons, colour 

yellow skunks, wiU depend upon the wdlingness of the ur 
market to pay a stiff price for the aberrantly coloured pete 
Breeders should not mistake the temporary high ^ 

ing stock in such freaks, which makes their culture profitable lor 
a few years, for a sure sign of real value. 


Wild Animals. In the chapter on domestication has been dis- 
cussed the origin of domestic animals from yrild ones, cross- 
breeding between species causes genetic variabihty, and 
variability makes it possible to produce novel combinaUons oi 
genes, and new breeds, adapted to special needs. 

Every group of domestic animab or birds is always found o 
be related to some wild species which, just as it occurs iii n^idc, 
happens to have the hereditary make-up that allows of its 
tamed. Thb points to the probability that, in every group, tim 
tameable species has been the one taken into cultivation ^ > 
crossing with other species furmshing the variability. If 
remember that most of our domestic animab were domestiwtea 
by relatively prinutivc people, it b clear that thb must have been 
the only way in which domestic animab ever could get a start. 

In the group of ducks the mallard b readily tameable, 
dog it b the wolf, in the swine most \rild species arc tameable. 
The wild rabbit b not tameable as a rule, but the hare b, and so 
are the hybrids. In cattle the banteng b readily tameable, and so 
arc the wild relatives of the horse and donkey. 

It b not true that in order to produce tameable domestic 
animab at least one of the parent species must itself be tameable. 
In my own crossing experiments with wild rats, such as the 
European black house-rat, the Egyptian house-rat and the tree- 
rat, animab that are wholly untameable even if taken in hand 
at an early age, it was possible to obtain real domestic animab 
by breeding from the hybrids and fmostlv unconscious) sclcc- 
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procKs could never be expected to yield a success in the hands 
of primitive man. It is also evident, however, that now we know 
that we can hope to get tameable animals by cross-breeding 
wholly untractable wild species in cages and selecting from the 
second generation, we could probably duplicate what we have 
done with rats with other animals. 

This is one of the most promising tasks of the zoological gar- 
dens. If the zoological gardens can breed large F» generations 
from hybrids between buffalo and wisent, it is clear that from 
such material a new usefiU domestic animal may be produced, 
smtable for special conditions where domestic cattle would not 
thrive. 

Wherever there is a market for wild animals, it is worth while 
trying whether breeding them pays, and wherever this is true, 
cross-breeding between species or sub-species is indicated, in 
order to produce the necessary genetic variation for selection to 
work upon. 

The breeding of gamebirds can only be made to pay when 
methods are found to propagate the birds in captivity in suffi- 
cient numbers economically. A significant difference between 
domestic gallinaceous birds and domestic ducks on the one hand 
and wild species on the otherliesin thepolygamy of the domestic 
breech. It is very probable that in such birds as tlie European 
partridges and in the American quail and bobwhites inter-cross- 
ing closely-related species or sub-specics would quickly give us 
very variable groups, in ■\vluch polygamy %vouId also be found 
in some of the males. A likely cross would be tliat between tlic 
Californian valley and mountain quails, as tlie hybrids arc said 
to be fertile. In these quails and partridges, the monogamy now 
*mikcs it necessary to keep every pair in a separate enclosure, 
whereas polygamous males could be kept with a large number 
of mates. 
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.nin'.U nowadays. Some of the rarer newts repay ^e when 
bred in captivity. I am not certain that fte reproduction ol 
bullfrogs in ponds is a commercial proposition, or whether 
so-called frog farms are not really devices to earn easy money 
from the umvary enthusiast. The same is true of alligator larms. 
It is hardly believable that it would pay to raise baby amgators 
to big ones and buy the food, all for Ae sake of the hides, an 
industry that would have to compete with the alligator hunters, 

whose standard ofliving is hardly a high one. 

Terrapin farming is a different proposition because of ^^c 
good price paid for the adults, and the fertility of these reptil®* 
It is probable that selection after crossing would be effective m 
imp^o^ang the growth and the fertility of these animals. 

With the present fancy for aquaria, the cultivation of newly- 
imported spcdcs of small fish has become an important indus- 
try, espedally around Hamburg. Success is generally dependent 
upon finding the most suitable methods of feeding, the b^ 
temperature and depth of water. Both in the platyfish, and in 
the genus Lebistes, spedes-crosses and crosses betsveen locm 
species have been instrumental in producing a very great van- 
ability and many sometimes very striking varieties. Much xnor® 
can be done in this field. 


Laboratory Animals. For bacteriological, physiological and 
endocrinological investigations it is necessary to use a great 
many small ammals. The usual system of procuring these 
ammals is for the laboratories to parasitize upon the local 
fanders, upon children who ke^ a few mice for pets and upon 
show breeders of guinea-pigs and rabbits. Itrarelypays to breed 
mice or rats or guinea-pigs for the laboratories, for they are 
mostly sold belo>v the price of production, simply because it so 
often happens that a child must try to get rid of a large colony 
of nuce that have suddenly grown out of a few pets. 

This system of utiliring just any sort of mice or rats is very 
bad for the work in hand. From our own investigations on 
toease-rcsistance in rmcc and food requirements in rats, it can 
be seen that in mice some strains are perfectly immune to infec- 
tions that quickly kill off the animals of different strains. In ratt 
rome st^ns need far more of certain vitamins to stay in good 
health than other strdns, and as rats are very often utilized toT 
experiments on vitamins, it is evident that some of the rcsults» 
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ba^cd upon the behaviour of just any rats, are built upon 

showlfthS‘’ American Government, 

guinea-pigs diffe; 

animals afe ‘o wltich these 

the breeding ^ sneHall P^f of tuberculosis bacilli, 
to speedtp such suscepbble strains is highly desirable 

ofSk£o?aS^® of making the breeding 

to know before rKoZr ^^P^^’^ ‘h“g 

bred lines to breederT <atablishment of special in- 
animals; but it rvill certainlvTr^ ^ ‘**“e 

selected and higldv in hrerl ^ "ecessary to produce specially 
even if this svork has to h ^ Pure strains of laboratory animals, 
Wghlyin-bredTnrve^^ ^ “ooiber of 

tve made a few of ”“oo ®dst, and 

bren selected for any deS ‘’"os has 

purpose, with the exceotinn' physiological 

‘fe‘ «bbtafl*= 

*7 /w=o ilS "t' r" 

sr-. » -&.s» st.“r, 

'^e'eloD .o~. '? have not miarrf^j a strain with some 



guard avaimt , J“^o*rtilc. 
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more. Some strains of mice and rats have been in-br^ full 
brother with full sister for hfty and many more generaUons. 


The Duck. Ducks are among the oldest of domestic ammals. 
Very many breeds of these birds are in existence, some of them 
beautifully adapted to very peculiar circumstances._ In anotoer 
chapter I have mentioned the North Holland mght-feedmg 
ducks, and also the curious Javanese runner ducks. 

Espedally in France, first-generation hybrids be^veen domes- 
tic ducks and Muscovy drakes arc yearly produced in enormous 


numbers for table purposes. 

Very few show breeds of ducks have been developed. Inc 
most curious one is the crested duck, with an enormous 
henua covered with feathers. Such crested ducks never breed 
true; they are always heterozygous for the factor necessary for a 
complete skull; and the recessive birds, that lack this factor 
plctely, have a head that is so grossly deformed that the chi^ 
cannot even break the shcU. In poultry in a parallel case it h^ 
been found possible to produce true-breeding breeds of biiw 
with cranial hernia and crests, and the same would probably be 
true in ducks if somebody took the trouble to try out this genetic 
aberration in different breeds by means of cross-breeding. 

Spedes-hybrids between domestic ducks and related spca« 
such as the pintail and the shoveller arc fully fertile. Darwin s 
idea that the domestic ducks originated from one parental 
spedes is probably not true. 

Spedal breeds of table ducks, such as the French Rouen, the 
English Aylesbury and the CHiincsc Pekin have been established, 


and several spedal breeds for cgg-production have become 
kno^^rn. Elsewhere I have described the curious case of the 
Rhaki Campbell duck, originated as a show bird pure and 
simple, which happened to have a better egg-laying quality 
tlian any of the other breeds. Just as in poultry no spedal breed 
of laying-duck has been deliberately made so far. 

In Holland the duck-egg farmers have almost from the 
ning adopted a rational system of progeny-tests for the selection 
of thdr stock. This system, first advocated by me for poultry, 
adapts itself extremely wcU to the local system of keeping ducks 
in small flocks, but in enormous numbers. On the mammoth 
duck farms it is now the rule to keep those groups of ducks fo^ 
breeding stock, which as a group have sho^vn to be the best, 
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most profitable groups. As these groups are each composed of 
the daughters of one father, this means a straight progeny-test 
m the male line. No individuals from mediocre groups arc ever 
used for breeding, no matter if they are individually excellent. 
This is an almost perfect system of selection according to geno- 
type, that could with great profit be copied by breeders of 
cattle or swine. 

One of the foremost breeders in Holland, Mr. A. Jansen, has 
in a few years succeeded in raising the average production of his 
whole farm of about 50,000 ducks from an average of about 
240 eggs to over 300 eggs per duck per annum (350 in 1953). 

Laying-tests for ducks differ very much from country to coun- 
try. The English tests make the great mistake of preferring large 
eggs to cheap eggs, and of requiring certain marks of beauty in 
the^ birds. The best regulations are those of the German egg- 
laying tests for ducks, as here the group is preferred that has 
given the greatest profit out of the value of the eggs produced 
'vith the cost of the food subtracted. The value of duis as egg 
produccn lies in the fact that they produce protein cheaper than 
hens. Laying ducks ^vill never become popular or profitable in 
England until tlie laying-tests arc so managed that in every 
instance the best, most profitable pen \vins the tests over tlic less 
profitable birds, whether they have white in the neck or not. 

The Goose. Geese arc not generally kept in great numbers by 
individual breedersj they arc mostlyintlichands of small owTiers, 
each of whom keeps a few birds. This does not make for con- 
scious selection, but it makes possible a selection between tlic 
small groups. The groups that arc kept profitably, because they 
^rc adapted to local conditions, tend to get larger, and unprofit- 
able groups tend to disappear. Tlic goose is not quite mono- 
^mous, but sufficiently so during the breeding season to make 
|hc goose population propagate itself as a multitude of p.'irallcl 
mes, practically isolated one from tlic otlicr. Many local breeds 
exist, but the differences arc not very large. 

Where geese arc wanted, the best tiling is to try out a numb^ 
oflocal groups, and when a profitable group is found, to keep it 
fee from cross-breeding. Some groups arc ver)' much more 
^ftilc than others and especially in the northcni countries 
Smwih ia the goslings is surprisingly rapid. In special dreum- 
stances, first-gcncration hybrids, cspcdally spcdcs-liybnds, arc 



336 Animal Breeding 

raised for market. In America and Canada hybrids between Ac 
Canada goose and the domestic goose sometimes command a 
very special price in some markets. The hybrids of which one 
parent is a Chinese goose are very strong and quick-imtunng. 
These last hybrids arc perfectly fertile, and from Aese hybnds a 
very variable population can be bred in which it would pro^ 
ably be possible to find material for Ae maldng of novel breeds 
if such were wanted WTieAer a few very large or many very 
small geese are more profitable depends upon Ae demanA o 
Ae market; possibly on very poor pasture small geese would be 
at an advantage. The shows have made very large geese fashion- 
able. It is certain Aat one large goose is more valuable than one 
small one, but probably Ae two small ones could be kept on an 
area only suffiaent for one large one and togcAer they would 
be worth more money. 

In certain localities very striking characters arc sometimes 
seen in geese, such as extremely long feaAers, and topknots. 
Such characten could easily be made to serve as trademarks by 
whiA to recognize a definite new breed, but I doubt whcAcr it 
would really ever pay to go to Ac trouble of deliberately pro- 
ducing a new bre^. 


The Turkey. Turkeys, up to some years ago, have alway’s been 
bred extensively, a few here, a fCTv Acre. To-day large turkey 
farms exist. The cxisung races have originated as land-races, 
never as Ac result of deliberate experiments, or in order to fulfil 
a special need. 

The result is that the turkey consists of a multitude of small 
local races; Acre are probably as many breeds of turkeys as 
breeds of chickens. "While local breeds of chickens have dis- 
appeared in competition wiA internationally-known breeds, 
this has seldom happened in Ac turkey. AnoAer result has been 
that turkeys have special qualities Aat make it Afficult to herd 
Acm togcAer in large numbers. The main difficulty is Aeir 
suscepUbAty to disease. 

The breeds of turkeys differ mostly in colour (^v^ld-g^cy, 
black, white, blue, buff, yellow, silvered (J^arranganseli}), in size 
(from Ae enormous hlammoA Bronze to Ac small Black 
FrenA breeds), and in tameness (from Ae wld American ones 
to Ae tame small French). 

The main turkey breeder^s problems centre around disease- 
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resistance. Bringing turkeys to new, uninfected pastures is no 
final remedy. The best thing to do is to study the birds in coun- 
tries where they have been raised on the same ground continu- 
ously (France, Italy) as here the possibility is greatest that 
naturally-resistant strains will be found. Probably cross-breeding 
and selection is another good method to obtain variability in 
r^istance, and a good basis for selection. This work is too 
difficult to be undertaken by any private breeder — it is experi- 
ment station work. 

Turkeys differ enormously in the amount of food consumed 
for every pound of gain, and it would be very much worth while 
to select for economic food consumption in a variable flock. 

I^e correct method to use would be a method of progeny- 
testing, in which lots of descendants of individual fathers were 
compared, and in which the group that averaged best in differ- 
ent ways would be chosen to continue tJie breed. Trap-nesting 
is possible but does no good herel 

The first step in obtaining a breed of turkeys that is well 
adapted to particular conditions should always be to try a 
number of existing pure breeds, even if this means introduction 
of new breeding stock. It would be manifestly absurd to spend 
time and money in creating a breed that already exists some- 
where else. Experiment stations can do extremely useful work 
along these lines. 

In turkeys, as in poultry, first crosses arc sometimes much pre- 
ferable to ciffier parent breed, and, as in poultry, this points to 
the presence of many recessive Icthals in different strains. 

^Vhere a good combination of two breeds is discovered, in 
which the eggs hatch very well and in which the clucks grow 
quickly, this combination should be remembered, and made 
over and over again. Breeding fnjm such hybrids, ]io^vc\'cr, no 
niattcr how good they may appear, should be discouraged, as it 
Would only mean a heaping up of recessive Icthals in tlic family. 

For tile same reason, selection for growtli-ability should never 
he based on the individual \'aluc of separate birds, as ver)' good 
from lots of mediocre average value should be avoided. 
The correct procedure is to base selection on the average value 
of whole groups of birds of common parentage, and this ** 
jinothcr u-ay of saying that progeny-tests in tlic male line should 
be used as a basis for selection, r i 

In Russia, experiments iriUi artificial insemination of turkey 
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hem with sperm of the domestic cock have rmulted in several 
hybrid embryos. ArtiHcial imemination would be a ve^ ^ 
fid method of mating turkeys, especially when breetog ^ 
small or young females and using a heavy stag. The exM 
trouble ent^ed in gathering the sperm and mjecbng it into the 
oviduct of the hens would be mote than offset against the injury 
a heavy stag can do to smallish hens in treading. 

When a suitable breed is found that fits local conditions ol 
imsing and also the local market, in-breeding should In: ^hi- 
ployed to keep the breed as pure as possible, and to purify it 

further. . , 

Very few people have done serious breeding worJc \vitn 
turkeys, and this bird offers a very good opportunity to the 
enterprising experiment station or large individual breedtf. 
Where local conditions make it safe and profitable to let the 
turkeys forage, it would be tvorth while improving some of the 
smaller, more fertile breeds in regard to economic egg produ^ 
tion. A strain of small turkeys, producing about 150 eggs yearly 
with a minimum of food besides what they can gather them- 
selves, ought to be very profitable. 


Pigeons. Most breeds of pigeons are only bred for the shot^j 
and almost all the utihty breeds arc also sho^vn — and this cir- 
cumstance has its very peculiar influence on such breeds. A 
third category might be called “sporting breeds”, which, w’here 
shown, also imdcrgo the Influence of the sho\vs. 

In different countries arc kept pigeons that have to find their 
own food. The large pigeon-cotes and pigeon-towers that used 
to be kept fully populated on some of the large estates in Hol- 
land are now almost ^vholly out of use, because the tenants dis- 
hked having their landlord’s pigeons in their seeded fields. This 
is true also for England. In other countries such large pigeon- 
towers still erist. The few flocks of these pigeons that arc left in 
Holland, as at the castle of Doom, and on some farms in Fries- 
land, almost always conrist of dark-blue checkered small 
pigeons, extremely quick in flight and very active on the ground. 
Such flocks are generally kept dmvn by predatory birds in 
winter, and with the exception of a few squabs, their chief value 
used to be the manure they produced in the towers. In Oriental 
countries large flocks of cote pigeons are still kept. 

The special table pigeons arc almost all of French ori^n, in- 
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eluding the Carneau and the Mondain. The King is an Ameri- 
can squab-producing breed, an improved, large bird of the 
Homer type. Good squab-breeds are very prolific, and the nest- 
lings grow very quickly. As pigeons produce for several years, a 
system of individual selection that keeps the prolific pairs and 
weeds out the poor pairs improves the value of a flock. This 
does not mean that this would be a promising system of selection 
likely to improve the breed. As in all pigeons, in-breeding com- 
bined with a system of testing parallel lines is tlie best system of 
selection in these monogamous birds. 

Homing pigeons are the chief sporting breeds. Most strains of 
homers nowadays are very strictly in-bred. It is probable that 
some improvement is still to be obtained by crossing different 
strains or even different breeds, followed by a system of in- 
breeding in many parallel lines. The racing of pigeons is in 
Itself a system of very rigorous mass selection, weal^ngs or birds 
without sufficiently developed homing instinct being auto- 
matically weeded out of the flocks of the competing breeders. 
Lethal factors are very rare in these breeds. We found one reces- 
sive lethal, complete blindness, in homing pigeons being in- 
herited as a monofactorial recessive, the heterozygotes being 
good flyers and quite normal. 

One of the Dutch amateurs bred a few first-generation 
hybrids between the stockdove {Columba JEnas) and homing 
pigeons, and those hybrids had a strong homing instinct and 
returned home from Bordeaux, France, to Dordrecht, Holland. 
The males in these hybrids are fertile when fed enough cod 
liver oil, so that one might try to improve Jiomcrs by intro- 
ducing a fc\v genes from this cross. It is quite possible that otiicr 
fast-flying breeds could be used in this way. ^Vhercas tlic Carrier 
has been “improved” so mucli for tlic sho^w tliat it cannot be 
considered as a real homing pigeon, it is quite tlunkablc that 
even a more rapid bird than our present best homers could be 
constructed from a novel combination of genes present in the 
homer plus tlic carrier, by means of hybridization and selection 
from the second generation on. It would serve no useful purpose 
to expose the fii^t-gcncration hybrids to scs'crc tests. 

Homing pigeons furnish an c.xtrcmc example of what happ^ 
''hen tlic shoivs have an influence on a breed tliat is also used lor 
some different purpose. Long ago the show homer ssas sp it o 
as an offshoot of tire flpng breed, because at the sJiows judges 
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gave attention to special external characters When the show 
Lnter was visibly distinct from the flying homer the flying 
homer was again sent to the shows. The result of tte was, o 
course, that a second time a show bird was split off from the 
main stem, mosUy because of the fact that fancier crossed in 
other breeds to “improve the type” of the flyers. This process 
was repeated once more, until to-day at the pigeon shows ol 
Holland and Belgium we see special classes for show homers, lor 
exhibition homers (beauty type), for homers (flying type), and 
lastly real flyers with flying records. I see no reason why tos 
process should not go on and ^ve us nine or ten different show 
breeds, all split off from the main stem. 

The other sporting breeds are mostly performing pigeons, 
tumblers, rollers and tipplers. Most of these pigeon breeds are 
very closely in-bred, and the genetic variability is probably veiy 
slight in each breed, so that the difference in duration of flight 
between two kits of tipplers is very probably mostly due to a 
more or less suitable system of handling, training and feeding 


the birds, and assembling the kits. 

It would be rather difficult to improve such breeds, although 
it is quite possible that cross-breeding might be used. This means 
that it might be possible to obtain an improvement by mating 
hybrids, c.g. between tipplers and one of the Continental breeds 
of Wgh-flyers, back and back to the parent breed. Breeders try- 
ing such experiments should not be discouraged if the original 
hybrids arc rather poor, as an ultimate good result does not 
depend upon tlieir quality. 

Curiously enough, even the breeders of such birds as tippler* 
and rollers cannot be satisfied until their birds compete \vith 
each other at the shows, merely on beauty points. 

The inevitable result of showing performing breeds is that 
their ability to perform deteriorates. This is not simply due m 
lack of selection, but mostiy to hybridization. A tumbler is 
mated \sith some other pigeon to make the beak longer (or 
shorter, as the case may be), and hybrids are bred back into the 
breed to improve it for show purposes. As the typical behaviour 
of the birds cannot be judged at the show, less extremely-shaped 
wonderful performers have no advantage over bad performers 
with tlie show points developed to perfection, and the result is 
alwa^'s tiie same, we get performing strains and show strains. 

Breeding pigeons for the shows is a fascinating hobby. Sclco 
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tion combined with in-breeding is the correet system in all 
breeds, until the genetic variability drops so low that no iurther 
progress is possible. At this point cross-breeding often comes in 
useful, especially where the judges are looking for extremes. 
Elsewhere I have given a few examples of this. Progress is most 
rapid when there are produced hybrids that excel in some 
special point, in which case repeated back-crosses can be used 
to incorporate this point into the breed. Sometimes striking 
imvel breeds may result as a by-product of this process — ^such as 
the Matram from the making of the improved Magpie. 

Wholly new breeds can still be made by the dozen in pigeons, 
by combining the striking colour of one breed with the striking 
shape of another. The relatively small fertility of the pigeon does 
not favour this process, but tvith perseverance it can be done. 

he best way here, as in all such instances, is the introduction 
ot one gene into an existing breed. 
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tHs from personal experience, but I do not doubt the truth of 
the statement. 

The orange-red black-headed sisbn produces fully fertile 
mules wth the canary. These hybrids have been bred ba^ with 
canaries, and strmns of orange-coloured canaries have 
obtmned. Breeding those birds back once more to the wild 
species would certainly pve us blood-red canaries in time. 

The Japanese have produced the white paddybird. 
known what cross was originally used to make ^e paddybird 
variable, but it is not probable that the white is just a white 
“mutant” of the Javanese grey spedes, as whites are true domes- 
tic birds that can be bred in small cages, and the young raised 
by hand on a mixture of rice and fish. The grey spedes does not 
readily breed in cages or aviaries. 

The Japanese have given us another true domestic bird in the 
little Bengalese. These little birds are bred in several colours; it 
is not known what spedes-cross gave rise to them, but probably 
some nuns are related to them. It would certainly be worth 
wWle to try to repeat the process, both in this same group and 
in other groups of cagebirds. This is espedally true in such 
groups as that of Mrs. Gould’s finches, beautiful and expensive 
birds, well worth the trouble to breed. Cross-breeding between 
doscly related finches might give us the variability required to 
produce true domestic breeds in this group. 

Aviary Birds. Just as with fur animals, the breeders of aviary 
birds are mainly concerned vrith domestication. In this section 
I want to say a few words on the breeding of pheasants and 
breeders of other aviary birds will find that their problems arc 
on the whole very similar. 

It is a debatable question whether such birds as the Golden 
Pheasant and the Silver Pheasant are domestic animals or wild 
birds bred in captivity. If wc use the definition that domestic 
animals differ from their wild relatives in bring adapted to life 
under domestication by genotypic change, such pheasants arc 
certainly domestic breeds. 

It is very significant that in the three groups of domestic 
pheasants— the Ringncck Mongolian, the Golden Amherst and 
toe Silver Pheasant groups— different closely-related spedes 
havc^ been crossed from toe very beginning. Wc know that 
hybrids are very variable in all respects, and the domestication 
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of those pheasants is surely due to selection from hybrid popula- 
tions of the groups best adapted to cage life. Breeders who want 
to wahe use of what we now know about these matters could 
e^y duplicate this process deliberately in other groups, such as 
the Trapogans. In those three hybridized groups there have 
ongmated varieties, albinos, dark goldens, Picta-Amhersts, etc. 
the same thing would surely also take place in other cases 
where the breeders bred on from species-hybrids. I am thinking 
espeaally of species-hybrids in peacocks, and in guinea-fowl, 
w ch are generally fertile in those groups. I would be ex- 
emely surprised if hybrids between different species of pea- 
together, did not produce such novelties as 
u s or blacks, and it would certainly pay anyone able to keep 
such birds to try this. J ^ t t' 

In the ringneck group, where birds are svanted for shooting, 

P oasant-farms would be well advised to try cross-breeding 
experiments with the object of selecting for disease-resistance, 
ery httle work has been done so far ivith aviary birds, 
should be on the look-out for groups of species that ivill 
P UM fertile hybrids. Doves and pigeons, which hybridize 
“ht give sterile hybrids, are not promising, but in the 
P rr^ects, e.g. in the Rosclla group of species, very profitable 
treeing work could be done. 




^ instance in which albino budgerigars were located 

us Way and produced from hctcrozygotcs afterwards. 

these birds should remember that what tlicy con- 
thc ^ ^ ^ novelty may be thought beautiful Avhen birds of 

jjj colour arc rare enough. Greywings were often produced 
uben^ years before the variety was recognized, and sucli 
samr ii birds were not regarded favourably. The 

judiri of black-headed budgerigars to-day. A h'ttic 

advertising would make those unwanted aberrant 

worth monV 


Pn»^*^*^**^* Ostrich breeding has experienced a period of dc- 
out or circumstance that the feathers have gone 

fashion. It seems as if the culiix-ation of ostriches srill 
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become profitable anew. This domestic bird like 

fowl, hardly merits the name, for it can hardly be “'d the 

cultivated birds differ from ivild stock m 

them better adapted to cultivation. This is probably due t 

fact that most ostriches arc derived from one speae. 

From ivhat we knoiv in other animals and birds, it is ry 
probable that in the ostrich the hybridization of speacs woih 
produce some variability, and that this variability . 
utiUzed in making breeds that were better adapted to cultiva- 
tion. The blue-legged Somali ostrich has been mated 
logical gardens to the commoner pink-legged ostrich, and i « 
probable that this cross will be of great value in the a ovc 


named respect. ^ 

One of the most important qualities that need improvcrac ^ 
in the ostrich is the bird’s food requirement. Most domtstic 
animals and birds differ from their ivild relatives in that ty 
can be fed more cheaply and that they will be more pronta e 
on the same amount and the same quality of food. The fra^ty 
of the legs in mature chicks might be very much less serious if the 
birds had been selected ivith an eye to paddock feeding frpni 
variable material, and the same is true of hatchabiUty. Specitf- 
crossing should be recommended in the ostrich as in all other 
domesdc animab of monophylctic descent. 


Food-Fishes. The chief groups of fish cultivated for the mar^ 
are the carp, with the goldBsh, the trout and, in the Tropics, the 
gurami. The cultivation of fry for releasing, or the reverse pro- 
cess, the raising of young seafish in ponds along the seashore, 
we will leave out of consideration, as no continuous control o 
several generations is then possible, so that no real selection can 
be practised. 

Trout, especially where cross-breeding betivecn species and 
sub-spedes has been practised, vary enormously in qiuckncss 
of groivth. When from a pond the largest fishes out of each lot 
are continuously caught for market and the smaller ones kcpt» 
this means contra-selection, if some of the laggards arc cventi> 
ally used for breeding On the contrary, a trout-breeder should 
make it his pracUce to keep for breeding stock the fish that 
mature most quickly. Most large trout-breeding plants use 
artificial insemination and hatching in trays. This gives com- 
plete control of the breeding. It will pay to keep booked account 
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parallel series, so tliat the most promising lines can be kqjt, and 
those ^vith le^als and serious faults can be eliminated. 

Cross-breeding and selection in silkworms, to produce profit- 
able strains yielding the right type of silk economically, should 
always be part of the programme of a Government or co-opera- 
dve silk experiment station, even when a fairly good breed is 
now extensively used. 

It is not excluded that, after crossing widcly-dificrcnt breeds, 
the variability would make it possible to find strains that would 
utilize a food-plant that could be produced more cheaply than 
the mulberry, an annual by preference. In any event, mulberry 
selecdon is as important as silkworm seiccdon. 



breed of domestic animals that has been bred 
and used in any country and that has been isolated there and 
protected from the introduction of foreign stock will gradually 
Income adapted to the climatic and agricultural conditions of 
that country. This is generally a slow process under the older 
s^tem of selection according to individual quality. It means 
that herds and flocks that happen to tlirive will tend to expand 
and ^viU gradually supplant groups that do less well. The 
is always of two kinds, an immediate, direct effect 
of the environment on the individuals, and the slower process 
ot a change in the average constitution of the breed by conscious 
ana unconscious selection. 

The breeding of sheep and cattle in Australia furnishes ex- 
of the origin of local, well adapted breeds, and 
0 the difference between such breeds and imported breeds that 
ave never been completely isolated and freed from the effects 
o importation of breeding stock from the country of origin. 

, sheep, the Merino and its derivatives, the Corriedale and 
e Polworth, are products of selection under Australian con- 
tions. Of course even in tliese breeds the original material 
was imported. The Merinos, as they were originally imported 
tom the Mediterranean regions, where climatic conditions 
'vere not ^eatly different from those in their novel surrounding, 
modified by later importations and by crossbreeding with 
V carHcr importations, but after this they were evolved 

y a system of selection under local conditions of climate and 
handling. 

Tronx the beginning these wool sheep were split up mm more 
t less isolated groups, and to a great extent the evolution of 
aa 34,^ 
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our present Merino must liave been due to a competition, 
between groups that happened to be better or less well adapted 
to their use. Fundamentally, this process, the supplanting of 
less successful studs by better ones, is very much like our modem 
methods of group*selection, based upon progeny tests, with the 
difference that it tends to be economically ^vasteful. In this 
development of the Australian wool sheep, it has been of great 
importance that while it was going on, the groups ^verc free of 
further importations. Adaptation to local conditions is a slow 
process, the qualities differentiating the better from the less ^veU 
adapted groups are not easily appreciated, and while the group 
is gradually settling down and obtaining a set of genes which 
will make it fit better and better, introduction of livestock from 
elsewhere, especially stock adapted to \vholly different con- 
ditions, would reintroduce heterozvjrmitv nnd tnnkf* the rn-ouo 
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Australian Sheep, and Cattle 

The Merino has been free of this danger for very many 
generations, and if the breeders of British breeds overseas could 
be induced to stop the importation of good-looking individuals, 
and concentrate upon the points of practical value this would 
be to their advantage. This would allow the breeds to adapt 
themselves to Australian agriculture. As the situation is today, 
not one of the “British** breeds is of any economic importance 
in Australia as such, their value lies in the utilization of rams 
in crossbreeding schemes. The Border Leicester is used to 
produce valuable crossbred ewes from Merino, and the South- 
dovm as well as the Dorset rams give valuable fat lambs from 
those crossbreds. 

Evidently, the system of selection indicated in the case ofsuch 
breeds in Australia would be the progeny-testing of rams, using 
them as fathers of crossbreds, and giving preference to the 
proven good ones in continuing the breed. This might easily 
change the type, the conformation of those breeds, it might 
make the Southdow leggier, but it would certainly be more 
logical and practical than the present system of choosing such 
sires according to the dictates of the show judges. 

The Merinos have been free from the danger of importation 
for very many generations, and tlie same thing is true in respect 
to the Gorriedale and the Polworth. Those breeds are still 
rather variable, and this variability, due to the original crosses, 
has not disappeared as much as in the Merino. The methods of 
selection and of purification employed have been very little 
effective, probably partly for the reason that tlie standards of 
value have tended to vacillate in such dual-purpose breeds. 

Several breeders of Corriedalcs have started progeny-testing 
^d group isolation and four or five generations of tliis will 
assuredly make the breed more uniform. 

It ieK.ms curious for an observer from overseas that in 
Australia the terms “imported** and “British** arc used as 
synonyms in regard to sheep and cattle. It is understandable, 
at still remarkable, that all of the imported breeds of sheep 
and cattle are British, especially if we see that the one brc(^ 
Much is truly Australian and of the greatest economic 
importance, the Merino, ^vas a typically Mediterranean breed, 
pain and the South of France, regions where climatic and 
ceding conditions are much more like those in Australia, have 
®auy different excellent breeds of sheep and cattle, and I am 
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our present Merino must have been due to a compeUtton 
be Jeen groups that happened to be better or less wcU a^plrf 
to their use. Fundamentally, this process, the supplantmg ot 
less successful smds by better ones, is very much like our raodOT 
methods of group-selection, based upon progeny tes ts, 
difference that it tends to be economically wasteful. In this 
development of the Australian \^ool sheep, it has been of great 
importance that while it was going on. the groups were irec ot 
further importations. Adaptation to local condiUons is a slow 
process, the qualities differentiating the better from^ the less weU 
adapted groups are not easily appreciated, and ^vhilc the 
is gradually settling down and obtaining a set of genes wmch 
vdll make it fit better and better, introduction of livestock from 
eIse^vhere, espcdally stock adapted to wholly different con- 
ations, would reintroduce heterozygosity and make the group 
more variable- And this is especially bad when such imported 
^nitnals are looked upon as of special value. 

This is just what is happening continually in the case of the 
so-called “British breeds”. Here the parent studs are still in 
cidstcnce in their country of origin, and often enough exception- 
ally good-looking breeding stock is imported. 

It is interesting to inquire into the reasons for such importa- 
tions. We must remember that the climatic conditions, the 
rainfall, the mild >vintcrs, the abundant sunshine, all exert 
an immediate effect upon our animals. This ^vill make the 
Austrahan-bom sheep different fix>m their close relatives bom 
in England or Scotland. In the second place the tastes of the 
show judges may be changing. I^ambs of the British breeds, 
imported as embryos and bom in Australia, differ bom the 
sheep imported as adults. In so far as the gradual change, the 
“coarsening” or “degeneration”, or the legless of the sheep 
in thdr new country arc symptoms of a direct adaptation to the 
new conditions, the importation of even just a few goodlooking 
indiwduals in a breed, if these arc given much prormnence, will 
effectively hinder the process of adaptation which would go on 
without this. In such cases the show system wth its artificial 
and f^e standards of value has an enormous influence. Sutdi 
British breeds are adapted to climatic and agricultural con- 
ditions in thdr coimtry of origin, and importation of “good 
stock will make it more difiicult, if not impossible to obtain a 
good fit of those breeds to a totally different country. 
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The Merino has been &ee of this danger for very many 
generations, and if the breeders of British breeds overseas could 
be induced to stop the importation of good-loohing individuals, 
and concentrate upon the points of practical value this would 
be to their advantage. Tlus would allow the breeds to adapt 
themselves to Australian agriculture. As the situation is today, 
not one of the “British” breeds is of any economic importance 
in Australia as such, their value lies in the utilization of rams 
in crossbreeding schemes. The Border Leicester is used to 
produce valuable crossbred ewes firom Merino, and the South- 
down as well as the Dorset rams give valuable fat lambs from 
those crossbreds. 

Evidently, the system of selection indicated in the case of such 
breeds in Australia would be the progeny-testing of rams, using 
them as fathers of crossbreds, and giving preference to the 
proven good ones in continuing the breed. This im'ght easily 
change the type, the conformation of those breeds, it might 
make the Southdown leggier, but it would certainly be more 
logical and practical than the present system of choosing such 
sires according to the dictates of tlie show judges. 

The Merinos have been free from the danger of importation 
for very many generations, and the same thing is true in respect 
to the Corriedale and the Polworth. Those breeds are still 
rather variable, and this variability, due to the original crosses, 
has not disappeared as much as in the Merino. The methods of 
selection and of purification employed have been very little 
effective, probably pardy for the reason that tlie standards of 
value have tended to vacillate in such dual-purpose breeds. 

Several breeders of Corricdalcs have started progeny-testing 
and group isolation and four or five generations of this trill 
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convinced that it ^vould pay very well to import half a dozen 
breeds from this region for trial. 

With the cxccpdon of the Illawarra Shorthorn all tlic cattle 
in Australia arc of Nortlicm European origin. And all those 
breeds suffer under the handicap tliat animals newly imporud 
from Europe tend to have a very great influence as sires, which 
must stop the normal process of adaptation to Australian con- 
ditions from having its salutary effect on the breeds. In the loi^ 
run this should be to the advantage of the one Australian breed. 

In beef cattle, false standards of value at the sho>« are 
especially harmful. In Australia the Hereford’s role in die 
economy of die country must be to furnish sires for the extensive 
system of breeding bullocks in the million-acre catdc stations 
where condidons arc often very rough and where good modicr- 
ing qualides are of enormous importance. It is manifestly 
absurd to see how often the young mature bulls that arc still 
being suckled by Jersey nurse cows and that have had a 
supplementary diet of eggs carry away the blue riband at the 
shows. 

The breeding methods of the big Australian shcepstuds 
happen to be of such a nature that they can readily be aclapted 
to a nucleus system. In the first place the important studs are 
operated as dosed flocks. The number of rams used per 
generadon is so large, that within the stud the potendal 
variability tends to remain at the same level. It seems that the 
stud breeders have all felt this to be so and they have almost in 
every case concentrated their chief efforts upon the improve- 
ment of a rdadvdy small central or upper stud, which furmshes 
them Mth the rams of their main ram-orodudne flocks. 
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The breeders using this system of group selection combined 
with mild inbreeding have the same experience, namely, that 
their culling percentage goes down. We still meet the occasional 
stud breeder who boasts of his heavy culling, but the idea that 
culling is an economic evil is winning ground, and buyers of 
rams are beginning to appreciate purity and lack of variation. 
The old practice of breeding specially mated selected rams for 
the shows and the sales and building them up by means of all 
the tricks of the trade is still going on, and both the selling and 
the buying of the three thousand guinea ram still has great 
advertising value, but the buyers certainly appreciate it when 
they find that a group of rams they bought give them uniformly 
good offspring. 

At some of the studs a thousand to several thousands of ewes 
are individually mated every year for the progeny tests, and 
work of a high standard of quality is done at many studs. 

The most common mistakes I met were those of promoting 
the first-class sons from a sire that on the whole disappointed, 
into the top stud, and a general fear of inbreeding that was 
holding down quick progress in some studs. 

A number of Australian experimental stations are doing 
excellent work in the use and perfection of group-selection 
systems, both in sheep and in poultry, and many poultry 
breeders are beginning to obtain very good results. 

I did not see as much of the Zebu crosses in Queensland as I 
would have liked. The idea of making such breeds as the 
Herefords variable by such a cross and of transferring the 
immunity of the hybrids into the pure breed by a series of re- 
peated backcrosses is an excellent one. If it should be possible to 
avoid breeding from hybrid bulls this work would give e-xcellent 
results, and I have tlie impression tliat it is in capable hands. 

The existence of studs of polled beef Shorthonts and of polled 
Herefords in Australia is very promising. Such breeds should be 
protected from further importations now tliat the English herd- 
books are establishing sections for polled. Both breeds should 
now have a chance of working out a separate salvation, and of 
being adapted to Australian living conditions. 

No specially Australian breeds of swine liave cs’cr been 
developed. 



75 ROBERTSOil 
rfc/ AMD 5? 
7-25 WCGK3 



of <;nn<4>rH W«l«hr 



35 40 45 50 55 60 65 70 75 80 85 90 95 100 lOS lio IIS 

% of Standard Weight 

Fio. 41.— Inheritance of ^^cight in mice.— Read wih caption to pitce\Un}( pUtc, 


Fio. 42 luhcriuncc orw-eighl in mice. 

PercentagM of Handaid 

dcadediy »ho\.-cd two tom, one between 55 and Co i>cf cent, and anolhrr ouo 
^ ^ comparo young inUo o( (, 5 ms\ 

In companng ^ F, i^^ation at a Wghw age, males ntul fcturtlcs nl rtiioi ivf 
II to 14 wce^ *" •""« when lint mho nvto 

Younger, we fmd that the ti^ of the cur>es are somcwlirtl vlwcr t^'gttlUer, tint 

heavier ammaU now falling between 75 per cent, and Oo her U‘UI. ^ * 

There is a very decided tr^giessi>-c variation in tho icunni K0lnn.Mhn\^ 
especially in the younger anunal groups. » ■« »v».iniu m '» *«" h 

The whole moi«~Ionyvv« fed on the s-uue diet, and (he tcin)>etn(m« wns 
kept as close to 25 a as Once a x%cek a tuunber of thfl linnnh's of ni 

great a number of cages as possible were weighed. 

used for brwdmg. The experiment was ended by an ciildetulo lh<d In rt l*iW drtX* 
kiUcd off an Indiu.ds rtitd meUkV riohuftl* 



o( Sund»rd Welj^hC 
Fia. 43. 




Stature of the 7i|8(i conicnpu in PloUond m Bo>'s below a nmumiun 
hctghc of 160 cm. are tuused The boyv are classed in eight groups Attention 11 
dra>\'n to the fact that, in the lowest class taken, there are 43^3 bop, 6 1 per cent 
oftlietotaInumbcr,\ihiIe 1,093 (1 5 per cent.) ore refused T^s bona tide ^‘anatloa 
cune should be compared to those of the hciAn. 


Tkt thtt graphs 50, b and c on succtcdtng npl^us than on p iS Tht Utter 
ti'trs drawn on fypotkttical bases, but ih$ rtw ones ere based on estual Jigures, 




Points score4 — - cr. — • Ir.'-;coticr». — 



FR^‘ ^ Three hundred >oung 

^eraboolc, operating ia ihe province of FnpUnd. 

dci^tcly admitted, ww judsj^ were refused 

and the heifer* whose points did not add “P * T^ar is knov.n 

'*^^*th remembered that mcproducuon ounng the ) 

71"^ that Lnong this group of ^-oung cow* we find 
?« rS".^* ‘‘ probable (anS thU i* what the ic 

doc^lT scoring the beasts either likes the pomts ax« 

^ Icavc^t out, and that, more or less enc^Mio^r* ^ 

J^icd accordingly. 



Bibliography 


American Tearbook of Agriculture, Volumes 1936 and I 937 « Government 


Printing OCBce, Washington- 

Abeelen, J. V. D., Haoedooru, A- L., and Leubjnc, W. ( 1 936) ; ^ Rapport 
Legwedstryden Ncdcrl. Gcnctische Ver. in Grocsbeck” (Laying Trials 
on Profitability). £r/ir(>'fcA«<i in I. . - r 

Babcock, E. B., and CukUSEN, R. E. (1918): Genetics in Relation to Agnculture. 
McGraw»Hill. 

Bateson, W. (1902): Mendel’s Principles of Heredity. Camb. Univ. Press. 

and PunnetTjR. G. (1905): “ASuggestion as to the Nature of Walnut 


Comb in Fovsls." Proc. Camh. Phil. Soe., XIII. 

— and PuNNETT, R- C. {1905, 1906 and 1908): Reports to the Eoeluium 
Cmmittee of the Royal Socutj, 11 , III and IV. 

Bonnier, G. (1940): “Arc och nuljd i husdjursproduktionen.*' K . Lanibruks 

Akad. Tids^fltlAlK. (Hcredityand Environment in Animal-breeding.) 

Crew, F. A. E. (1925): Animal Genetics. Oliver Sc Boyd. 

Darwin, Cmums (i860): The Variation of Animab and Plants under Domestica’ 

lion. John Murray. 

pRATEUR, Lfiop- J. (1924): “Note suT la resbtance hireditaire de la volaiUe 
4 la diphtirie bacillaire.” {Extr. Annales de rrUdedne ceterinaire, Bruxelles.) 
(Inheritance resistance to roup.) 

Gmci, A. (1919): “Sulla fertilita degli inbridi Era Columba leuconota c 
piedon domestid." Rioiita Jtal. dt Omit. (Fertile spedes hybrids.) 
Goodale, H. D. (1909): “Sex and its Relation to the Barring Factor in 
Poultry.” Sdenee, XXIX. 

Hageix>orn, a. C., and Hacedoorn, A. L., Fh.D. (1920): “Inherited 
Predisposition for a Bacterial Disease.” American Pfaluralisl, LIV. 

— — (1921); TheRelatice Value of the Processes causing Ecolulion. Nyhoffi 
The Hague. 

(*923)’ ‘Twenty Years of Genetics,” Feslschrijl fur Afendcl, Studia 

Mcndeliana, Brunae (Bma). 

— ' (1926): “Dominantes uml rezessives Weisz bci Huhnetn.” 

Archw.f. Cejlugtlhmde, t. 

— and Herinoa, L. (1926): “Enc einfache Methods, rccht viele Zueb- 
itamme zusammenzustelicn.” Archio. f. Gefugelkunde, I. (A simple 
method of making many breeding pens.) 

362 



364 Animal Breeding 

Mendel, G J. (1865): Versuche fiber Pfianzen-Hjibriden. Vcrhandlungcn 
Naturf Vcrcm m Brunn. 

Niciiols, J. E. (1944): LiiesUJck Impmemmt. Oliver & Boyd. 

Odluk, Geo. M. (1943): "An Analysis of the Manningford Herd of British 
Fncsians ” Wiltshm Gaveite^ 

Pease, M. S. (1936): “Auto^cxlmkagc in Theory and Practice.” Vlth 
World’s Poultry Congress, Berlm-Lcipzig. 

Prentice, E P. (1935) Breeduig ^4117 Cetife. Houghton Mifflin Co. 

PcNNXTT, R, C. (1927); Mendeltsm, Macmillan. 

Shull, G. H. (1909): "A Simple Chemical Device to Illustrate Mendclian 
I^cntancc.” Plant TVorW, XII. 

Sykes, G. (1952): The Henyard. Crosby Lockwood & Son, Ltd. 

^VIlrrNEY, L. F.: How to Breed Bogs Orange Judd. 

Wriedt, C. (1930): HertdUy m Ltoestock. Translation from the Norwegian 
(by R. C Punnett) Macmillan. 



Index 


Aberdeen Angus, 94, 145 
Aberrant ofispring, 121 
Abyssinian sheep, 311 
Acquired diaracters, 23 
Adaptation, 62 
Adding a gene, 113 
African game farms, 323 
Afrikaander cattle, 70 


Back-crossing, 89 
Backline, 16 
— points for, 33 
Bagadette, French, 277 
Bakewell, 196 
Balinese cattle, 93 
Bantams, 111 

Bamevclder, autosexing, 52 



Animal Breeding 


3^ 

Breeding utility stoeV, ^70 

Britisb Register ofMerit Schcmcj 213 

Budgerigar, 343 

Bufi^o breeding, 24 

— tniit producing, 24 

Bulldog calf, 122 

Bull indexes, 270 

— testing, 197 

Bureaucracy, 257 

Bureau of Applied Genetics, ix 

Buur5ina,J., 294 

Cagebird breeding, 41 
Californian quail, 331 
Cambar, 51, 53 
Campbell duck, 94, 2gi 
Campine, 67 
Canada goose, 93 
Canadian state berd>books, 235 
Canary, crested, 33 
' Caribou, 8 
Cat breeding, 317 
Cattle, special groups, 304 
_ in Galifomla, 153 
— Dutch belted, 90 
— hetcrotygotes in, 39 


Crested canaries, 33, 120 

Crw, F., ix 
Cross-breeding, 34 
Cytoplasm, 25 

Daclishund, 315 
Danish landrace, 310 
— swine, 144, 158, 309 
Darwin, 40, 57, 6i 
Deer, 54, 106 
Degeneration, 128 
Denmark, 

animal breeding methods, 17 
— — development, 158 
milk testing, 194 
progeny testing swine, 202 
Development, 24 
Dexter Kerry, 120 
IKc4 64 
Dodlity, 64 
Dog breeding, 311 

I>og». 54 

— , breeding erect can, 313 

to lead blind, 315 

— herding, 64 
“hunting, 64 



Index 


367 


Dutch belted cattle, 90 

— cattle in America, 83, 134 

— Friesian cattle in Africa, 88 
Dutch Dog Studbook, 183 

Ear-length in rabbits, 278 

East Africa and Dutrii cattle, 88 

East and Jones, maize breeding, 18 

Edam ducks, 72 

Egg-production, 30, 192 

Ehle, 10 

V. Elden, xiii 

Elkhoimd, 312 

Endurance tests, 194 

Environmental factors, 23 

Epimys alexandrimun, 56 

— diardii, 56 

— raitus, 56 

— tectorum, 56 
Eskimo, 62 

Evolution problems, 5 
Exhibiting, 33 
Exmoor ponies, 107 


Fur animals, breeding, 328 

— rabbits, 191, 319 

Callus ferrugituus, 57 

— Soencratti, 57 

— verius, 58 
Gamete, 27 
Geese, cross-bred, 93 
Gene, 24 

— analysis, 7 

— loss of, 34 

Genetics, applied, suggested Insti- 
tute for, 258 
Genotype, 24, 41 
German poultry breeding, 193 
Gloucester cattle, 108 
Goat-breeding station, Holland, 326 
Goats, 325 

— combinations of breeds, 93 

— in Germany and Holland, 65 

— labourers*, 65 

— Swiss, 65, 148 
Golden pheasant, 3 t 2 



366 


Animal Breeding 


Breeding utility stock, 270 
BritishRcgistcr of Merit Scheme, 219 
Budgerigar, 343 
Buffalo breeding, 24 

— milk producing, 24 
Bulldog calf, 122 
Bull indexes, 270 

— testing, 197 
Bureaucracy, 257 

Bureau of Applied Genetics, be 
Buuisma, J>, 294 


Crested canaries, 33, 120 
Crew, F., ix 
Cross-breeding, 34 
Cymphzsm, 25 

Dachshund, 315 
Danish landrace, 3^0 
— swine, 144, 158, 309 
Darwin, 40, 57, 61 
Deer, 54, 106 
Degeneration, 128 



367 


Index 


Dutch belted cattle, go 

— cattle in America, 83, 134 

— Friesian cattle in AlHca, 88 
Duidt Dog Studbook, 183 

Ear-length in rabbits, 278 

East Africa and Dutch cattle, 88 

East and Jones, maize breeding, 18 

Edam ducks, 72 

Egg-production, 30, 192 

Ehle, 10 

V. Elden, xiii 

Eikhound, 312 

Endurance tests, 194 

Environmental factors, 23 

Epimys aUxandriruun, 56 

— dtcrdti, 56 

— ratius, 56 
Uctorum, 56 

Eskimo, 62 

E\olutioa problems, 5 
Exhibiting, 33 
Exmoor noaics. 107 


Fur animals, breeding, 328 

— rabbits, 191, 319 

Callus fermgvieus, 57 

— Soaieratli, 57 

— cerius, 58 
Gamete, 27 
Geese, cross-bred, 93 
Gene, 24 

— analysis, 7 

— loss of, 34 . 

Genetics, applied, suggested InsU- 

tute for, 258 
Genotype, 24, 41 
German poultry breeding, 193 
Gloucester cattle, xoO 
Goal-breeding station, Holland, 326 
Goats, 325 

— combinations of breeds, 93 

— in Germany and Holland, 63 

— labourers^ 63 

— Swss, 65, X4® 

nheasant. 'tsa 



Animal Breeding 


368 

Herd-books, llnstUh, 309 

— fallaacs, 260 

— reorganization, 6 
Heredity, 13 

Hcringa, Miss, poultry Insemina- 
tion, 26S 

Hernia in pigs, 121 

Heteroxygo^c* 27 
Hilaire, G. St., 56 
Hissar cattle, 70, 76 
Holland, nucleus herds, 240 
Holstein cattle, G6 

— Friesian Association, 182 
Homing Pigeon, 339 
Homozygote, 27 
Honey-bee, 345 
Hoolworm, 76 

Hopi maize, 64 

— sheep, 64, 67, 70 
Homs, brewing off*, 225 
Hone breeding, 299 

— > Arabian, 93 

— racing tests, 192 
Hudson and Kichens, 22 
Hunter foals, 300 
Hybrids, 91 

— ferule, 58 

— fowls, 95 

— hare-rabbit, 58 

— Ongole-Javancse, 93 
—uniformity of, 92 


Jersey cattle, C3, 153 
Jubilee Barncvcidcr, 1 1 1 
Judging breeders, 47 
— bulls, 1B5, 197 

— males in cattle, 44 

— — in poultry, 43 

— on points, 32 

Karakul sheep 76, 94, 264 
Keeshond, 283 
Kerry cattle, 66, 145 
Ketan, sB 

Kleberg family and Santa Gertrudis, 
306 

Kuhn, H. W., B 
Kuiper, Dr,, 319 

Laboratory animals, 94, 332 
Lahore pigeon, 128, 213, 233 
Lafecnvcldcr cattle, io 3 
Lalandagc, 302 
Lamarck, 53 
Laying tests, 129, 188 
Lefroy, Sir Edus^, xiii, 230 
Legbar, 228 
Leghorn, 177 

— autosexing, 5* 

— cuckoo, 228 

— white, iio 
Leporids, 58, 3J9 
Lethal factors, 120, 148 



Index 


369 


Mallard, 57 

Mamingford Analysist 223 
Massaging, 282 
Maturity, 69, 189 
MendeUs principles, 13, 53 
Merino sheep in Australia, 35 1 

— rams, polled, 230 
Mice, albinism in, 29 

— selection for fertility, 42 

— without whiskers, 35 
Milk, cheap, 188 

— Marketing Board, xv, 217, 224 

— production, 31, 83 

— yield, 31, 40, 188 
Modification, 38 
Mohr. O., xiii 

Monopoly of bull production, 246 
Mother*3 egg record, 201 
Mount Hope Index, 197, 305 
Mule breeding, 58, 30 1 
Mules, protection aeainst leopards, 


Parnell, 28 

Pasture management in Holland, 66 
V. Patow system, 45, 205 
Peacock, white, 39 
Pearl, R., 43, 200, 292 
Pease, M. S., 51 
Pedigree, 232, 236 
Pentecost, Eric R. L., polled Lincoln 
Red Shorthorns, 230 
Performance and constitution, 172 
Perier, J. A. N., 320 
Persian lamb, 94 
Pheasants, 342 
Phenotype, 41 
Pigs, see S\snne 
Pigeon breeding, 338 
— Magpie, 276 
Plant bree^ng, 9, 18, 160 
Plum, Mogens, xi 
Polled cattle, 230, 353 
Points graphs, 166-70 



370 


Animal 

Raung a buU, igg 

Rats, 42, 56 

— ■ albino, 56 

— - waltzing, 56 

Razorbadss, 75 

Recessive defects, 219 

Red calves in black cattle, 122, 145 

Reduction division, 27 

— of variability, 244 

Registration, too 

■ — of pigs, 162 

Rcgistrauon, selective, 176, 179 
— voluntary, 181 

Relative value of meat and milk, 81 
Reptiles, 331 

Resmeuon of numbers in cattle, 257 
Retnever, 31J, 316 
Reversion, 43 

Rhode Island Reds, autosexmg, 53 
Rice, 27 
—glutinous, s8 
Rosecomb bantam, 278 
Russian work on artificial msemina* 
tion, 263 

—Borzoi, 3t3 


Breeding 

Shire horse, 67 
Show breedmg, 280, 285 
~diampions, 238 
— condition, 282 
— pigeons, 191 
Sbois-s, 80, 285 

Sbul), Geo, maize breeding, jB 
Siamese cats, 281 
Silkworm breedmg, 346 
Sliver fox, /Moskan, sg 
Canadian, 59 

— pheasant, 34a 
Simmentaler cattle, 276 
Size, 38 

— m horses, 68 
— in sheep, 64 
“Sloughi”, 279 
Smith, Hunter, S , xi 
Soacte d’acchznatation, 59 
Sperm dilution technique, 265 
Sports, 34 

Spruyt, Ci, 277 

Stability, m species and breeds, 43 
Staby, 104 

Standards of beauty, j 64, 249, 2ji 



ndex 


371 


Tests, speculative, i6i 

Texel sheep, 146, 311 

Thin tail in pigs, 160 

Toy pincher and toy terrier, 314 

Triais, field, 193 

— sheepdog, 193 
Trimming, 282 
Trout, 244 
Turkestan, 94 
Turkey breeding, 336 

Uniformity, 96, 138 

V. Oers, 294 
V. Vloten, R., xi 
Variability, vii 

— and isolation, 142 

— potential, 128 
Variation, 30 

— causes of, 30 

— curves, 46 

— discontinuous, 33 


Vicuna, 54 
Vigour, 3 1 

Water-buffalo, spotted, 324 
Wells, H. a, 16 
Welsh pony, 67 
^Vette^houn, 104 
Wheat, 64 

Wild anir^ breeding, 330 

— ducks, 57 

— fowl, 57 

Wisiar Institute albino rat, 233 
Wolf-dog hybrids, 315 
Wriedt, Christian, x, 123 
Wyandottes, 146 

— rose-comb, 210 

— silver, 164 

Yak X cattle hybrids, 58 
Yield per acre, 69 
Yorkshire terrier, 27O, 3*2 

Zebu, 154 



